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( IIAPTEll XIII. 

Cn.MtACTEllS OT? lEEMATOTIl HUM A. 

§ 121. Thennogmoiis Conditions . — Life is attended ^vitli <*( in- 
stant molecular change; and siicli vital motion becomes convert(‘d 
directly, or througli intermediate modes of clicmieal or ch‘ctrical 
force, into that of heat; thc*cliicf chemical action preceding or 
l)roducing the calorific force being due to the introduction of oxy- 
gen by air or food into the body, where it operates in a manner 
analogous to combustion. 

The evolution of animal heat more directly relates to the 
amount of air insi)ired in a given ])eriod, and to the rapidity Avith 
Avhich tlie oxygenated blood is conveyed to the tissues. 

In these tlie molecular changes are governed by the nervous, 
system, and whatever tends to })aralysc tlu>nervous force ojicjates 
in the same degree in arresting tiiose molecular movcnicnts on 
which more directly depends the evolution of Iieat. In this jict 
the nervous system is accordingly concerned, in so far as it 

influences the exercise of the muscular movements. 

... * 

In the 1 Ice in ut other ma., or Warm-blooded Vertebrates, the at- 
mosphere is directly inspired and ap[>licd to a vascular surface 
Avhicli, in proportion to the bulk of the body, is much more exten- 
sive than in any of the ilcematocrya. For mechanical convenience 
the respiratory surface is closely jiacked, in small compass, by 
subdivision of the pulmonary cavity into countless minute cells, 
giving to the lung a spongy texture, obliterating all trace of a 
visible or conspicuous cavity. 

The whole of the venous blood is pro] idled over this extensive 
but compactly dis]H>sed capillary area by f>ucres.sive contractions 
of a special ventricle, receiving it from a distinct auricle, and tiie 

VOJ-. II. n 
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blood, changed by tlie respiratory action, is conveyed to anotlier 
distinct auricle and propelled by a second distinct ventricle over 
tlic entire system. 

Thus a four-chambered heart and spongy lungs are the chief' 
anatomical characteristics by which the ^ Avarm-blooded ’ are dis- 
tinguished from the ^ cold-blooded’ Vertebrates, although respira- 
tion and circulation are subsidiary or auxiliary, not immediate, 
thormogonous functions. 

Whatever tends, to obstruct the flow of blood to a part of the» 
biKly, as ligature of an artery, e. g., lowers in a certain degree the 
h(?at of that part ; and Avhatcver augments such flow of blood, as, 
exercise, e. g., or increases the quantity of blood in a ])art, as 
Avherc the capillaries dilate through paralysis of the vaso-motory 
filaments from a ganglion of the sympathetic nerve, raises the heat 
of such part; teuqiorarily, at least, in the latter caseJ 

In all Ila^matotfivrma the mass of nervous matter constituting 
the cerebral portions of the prosencephalon is relatively larger 
both to the rest of the brain and to the bulk of the body tlinii in 
Jlfpmatocrya, although the degrees of this predominance in the 
Avarin-l)loocied series relate to other ^functions than the evolution 
of heat, 

Concomitantly Avith the advance of the circulating and respira- 
tory organs in llcematotherma is that of the blood itsedf, in quantity , 
in the proportion of organic (protcine) priiudplcs to tlic water iuit, 
and in depth of colour due to the more abundant blood-discs. 
The voluntary muscular fibre shoAVS, in most Ilcmiafothmtia^ by 
its deeper colour tlian in Iloimafocrya, the influence of this more 
abundant, richer, and i odder blood; and the longer duration and 
greater energy of the contractions have relation to the hiemato- 
thernuil conditions of the nervous, resjuratory, and circulating 
systems. 

In every muscular contraction some molecules of the fibre 
may be said to be burnt, and beat is evolved. Needles of a deli- 
cate thermo-eleetrical a])]>aratus, thrust into a living miisele, indi- 
cate a rise of temperature at each act of c*ontraction.^ The heat- 
|)roducing results of the sum of such ac-tious is a mat ter of common 
experieiuic, and a loss of animal heat results from the cessation of 
siicli acti(uis. So, Hunter Avrites: ‘ When a man is asleep lie is 
colder than when he is awake; and 1 find, in general, that the 
diif'erence is about one degree and a half’ (of Fahr./ 

• V*. p. .377. 

^ As in the * biceps rtcxur cu]>iti * of the man so c.vpcrinieiited on, in i*. p. 4l)‘J. 

’* xoiv. p. U4. S(;(i also ir. 
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The molecular movements and changes in the organs of vogc« 
tativc life constitute a more uninterm ittin^ source of caloric. The 
blood which returns from the extensive seat of such operations 
affoi’ded by the mucous intestinal tract is warmer than before it 
enters that tract: the blood of the hepatic vein after its passage 
through the portal circulation, and its work in the liver, shows a 
more marked rise of tem})erature. Urine in mainipals, bclbre ils 
escape, is hotter than blood ; ^ and thp rich supply of nerves to the 
^idronals may relate to the calorific functions of,tlic kidneys. 

The iirodiKition of heat from the actions of organic life depends 
on the amount of material lor the snp))ort of such actions — on th(^ 
([uantity of oxidizalile substanc(j introduced as aliment into the 
body. greater vigour, activity, waste, or Avear and tear, in 

the warm-blooded machinery necessitate, Avliilc they* enable, a 
greater energy, and more regular and rapidly recurring ])erfenu- 
an(!e of the digestive functions; and the warin-liloode^l differ fiunn / 
the cold-blooded vertebrates in the greater amount of food wlileh 
they consuiiKj, and the shorter intervals between the times of 

eating. Wanu-bloodcd animals oxem[)li(y this influence: ‘ I 

Aveakoned,’ says ITuuter, ‘ a nioihsc by fasting, and then intro- 
duced the ball of the thermometer into its bell V : tin; l)all being 
at the dia])bragm, the (piicksilvcr rose to 97'; in the pelvis to 
9o°, being two degrees colder than in the strong inonse.' 'fbe 
difference of being ^full’ or ‘ lasting’ in resisting cold is a matter 
of^ common cx])erience. 

§ 122. Thennofjenons Jiesults'. — The more MCtive and miremlt- 
ting vital combustion, due to the alxive-dcfiued advanced con-i 
ditions of the nervous, respiratory, cin^wlating, digestive, and 
muscular systems, keeps uj) a constant tempen-ature, as a gen(‘ral 
rule, in tlie Jlcematothrrniay AAdiich is usually so much higln'i* 
than that of the surrounding medium as to (‘ause the sensation 
of warmth to tlie hand touching the liody. In map the mean 
temperature of tlie interior of tlie body is 100'^ Fahr. ; in Ihe dog, 
lOU; in tlio ox, lOO'^ ; in tlie mouse, 99'^ ; in tlie Avbale, l(tV\ 
111 llirds'^ the mean tem{)eraturo ranges in different species from 
106" to 112". 

The heat^-producing powers in healthy Ilw.matnthvrnui are more 
active as the surrounding medium is cooler; and (;ohl, much • 
below freezing, is long rcsistcil, and habitually, liy the w<inii- 

* nr. 100'^ or 101^ Fahr. as ajjaiiist 97^ Kalir.; (39.5, as against 37 or 30 Cent.) 

" Ac:iv. }). M5. See also p, 10; for a .‘•imilar illustration of loss of In*, at tlinmgli 
.starvation in iUi(;k.s. * iv*. 
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blooded dciiizciis of arctic and antarctic zones. The nature of 
the external covering has much influence in this resistance, 
whether it be the tliick layer of subcutaneous flit in the Avliale* 
tribe, the fur and hair of the quadruped, or the down and feathers 
of the bird. Save in the case of mankind and tlio whalekijid, 
the warm“bloode<l Vertebrate may be distinguished at a glance 
from the cold-ljoodcd ojie by the non-ccJiiducting, heat-pres(!rving, 
nature of its clothing, which is ‘ liair,’ as a general rule in JNlam- 
mals, and ‘ feathers’ in Birds. 

There are, however, gradations of the hoat-niaintainiiig power 
in the Ilmmatotherma, Some INInininnls, o. g. tlic Alpine Marmot, 
tlie Hamster, the Squirrel, the Dormice {Mi/oxhh), the Porcu])ine, 
the Virginian ()])ossuni, at the a]»proach of winter-cold, seek a 
retreat, faU into a deep sleep, and lose from 10^ to 20'’ Faiir. of 
heat, in the Squirrel, e. g., the heat of the body has been tiuuid 
to sink from,98° to 78^ Ixcspiration is continued, though slowly, 
in these winter-sleepers. The Hedgehog {F.rinnceus) and tlie 
l>at (^Vrspvrtilioj Linn.) fall into a deeper and more lasting 
torpor; in wliieh breathing is suspended, and a slow and languid 
circulation is the sole sign of nniiiiation. hi tlie IJat, the heart’s 
pulsations fall from 200 in a minute, ns when in active wnk(!- 
iVilness, to tU) in a minute, during torpidity ; the blocwl being 
then in a dark venous state, and the temperature of the liody 
down to 40^ In this condition these lns(‘Ctivora survive the 
season during which their allotted food is iinattainahlc. Jri the 
tropics some allied species, e. g. the Tenrees (Ccntctf'ff) lall into a 
.similar torpidity, without the ex(‘itement of a freezing cold, during 
the season unfavouralik^ to the presence of their food. 

The feeble and inaetiic young llccmatotkcnna use up less 
oxygen than adults ; and, wlien exposed to cold, lose their heat, 
and also their sensibility, diftering in tins latter i’esi)cet from the 
hybernators. The least toueh to a sj)ine of a tor|>id Hedgehog 
rouses it to draw a doe]> sonorous iiisjiiration : the merest shake 
induces respiration in the torpid Jhit. 

In all these instances of loss of jiowcr to preserve tlie average 
inamnialian tem[)eratiire, the physiologiijal conditions of the 
species approximate more or less to those of the cold-blooded 
animals ; and it is interesting to observe that the winter-sleejiing 
and ctorpid Mamnials arc those which most resemble reptiles in 
their ecreliral organisation : they arc also of small size. Wliother 
the Edentata and Monotremata would liecome torjad, and so 
accommodate tlu*mseivbs to otli(*r tliaii their native climates is a 
question well wqrthy of experimental detennination. 
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No ajjj^roacli to tor[)i(lily with loss of animal temperature lias 
been Jetermined 1o take place in any bird! The insectivorous 
kiinls inigrate - Swills and Swallows, e. g., to and fro between 
England and Africa; and migration is performed by numerous 
other birds in relation to localities furnishing the food most 
appropriate for the nourishment of their newlyJiatched young. 
Experiments have failed to induce torjiidity in* birds through 
artificial cold. 

§ 123. Characters and Orders of Birds . — Vhe two Ifiemato- 
thermal classes Arcs and Mammalia^ are defined in vol. i. p. 6 ; 
and 1 here ]n’oceed to a i idler ex})ositi(>n oi* the avian charac- 
tin’istics, and of tlie modifications on wliich the class haS been 
divided into orders or other primary groups. • 

Eirds constitute a (*lass oi* oviparous vertebrate animals, with 
warm blood, a double circulation, and a (jovering of feathers. 
They are organised for fiight, and as this, the fieetest and most 
vigorous kind of locomotion, demands the greatest energy in the 
contractility of the muscular fibre, so the rcsjiiratory function 



finds its highest dcvelopement in the present (dass. Not only the 
ramifications of the [udmonary artery, but many of tlie cajiillaries 
of the systemic circulation, from the singular extension of tin* 
air-cells through the body, arc submitted to the influence of 
the atmos[)licrc, and hence Birds may be said to enjfty a doubh^ 
respiration. 

Although the lieart resembles in some particulars that of the 
Beptilia^ the four cavities are as distinct as in the Mammalia., Imt 
tliey a)-e relatively stronger, their valvular mechanism is more 
])erlcct, and the contractions of this organ arc more forcible and 
freituent in Mirds in accordance with tlieir more extended respi- 
j-ation and their more energetic muscular actions. 

• As Eirds exceed Mammals in the activity of those functions on 
wliich the waste and renovation of the, general system more 
immediately depend, so they possess, as has been shown, a liiglicr 
stniidard of animal heat. 
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The modification of tlic tegumentary covering characteristic of 
the pi*csent class is ‘to be regarded rather as dependent upon, 
than ’occasioning, tliis liigh degree of internal temperature, \vhi<‘h 
requires for its due maintenance against the agency of external 
cold an adequate |)rotection of the surface of the body by means 
of non-conducting dinvn and imbricated feathers ; and this 'warm 
clothing is more especially required to meet the sudden variations 
of teinpoi’ature to which the bird is exposed, when soaring in the 
higher regions of air and stooping to the earth, during ra])id and 
extensive flights. 

The generative 'product Is excluded from the oviduct in an 
undeveloped state, inclosed, in a liquid Foimm, within a calcareous 
case or shell. XJollision of two brittle eggs in transitu is obviated 
b>^ the f(?male organs being developed only on the left side of tlio 
, body. The ovum is subsequently perfected by means of invuha-^ 
twiij for which action the bird is especially adapted by its high 
degree of animal heat. 

llirds Ibrm the best characterised, most distinct, and natural 
class in the ivliole animal kingdom, perhaps even in organic 
nature. They jirescnt a constancy in tlieir mode of generation 
and in their tegumentury covering, which is not met with in any 
other of the vertebrate classes. No species of Bird ever deviates, 
like the wludes among Mammals, the serpents among Re[)tiles, 
and the eels among Fishes, from the tetrapodous type charac- 
terising the vertebrate division of animals. 


The aiiterior extremities are constructed according to that plan 
wliicli best adapts them for the actions of flight; and altliongh, in 
some few instances, the developement of the wings proceeds not 
so far as to enable them to act u})on the surrounding atmosphere 
with sufficient power to overcome the counteracting force of 
gravity ; yet, in these cases they assist, by analogous motions, 
the posterior extremities : either, as in the ostrich, liy beating 
the air while the body is carried swiftly forward by the action of 
the powerful legs ; or, as in the penguin, l)y striking the Avatcr 
after the manner of fins, and liy tlie resistance of the denser 
medium carrying the body tlirougb the water in a manner analo- 
gous to that by which the birds of flight are borne through the 
air. In a few exceptions, as the cassowary and apteryx, the wings 
hve outwardly represented by a fcAV quills or a small claw In no 


instance do the anterior extremities take any share in stationary 
support or in prehension. 

^ Birds are therefore Inped, and the operations of taking the 
food, cleansing the idumage, &c., are almost exclusively perfonned 
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by means of tlie mouth, which consists of two lijjlcss aiul tooih- 
Joss jaws, slieathcd witli horn. To facilitate* tlic prehensile anvl 
other actions tluis traTisfeiTed to the licad, the neck is elongated, 
and the Ijody generally inclined fonvard and downward from the 
hip-joints. The thighs arc accordingly extended forward at an 
acute angle from the ])elvis toward the centre of the trunk, and 
the toes are lengthened and s])rcad out to form an<ideq‘Uate l)asc 
of support. The aclions of perchhig-, walking, hopping, runniiig, 
^crateliing, burrowing, Avading, and SAvinim'ing,»re(tuire fo5 their 
[)erfect p(Mdbrmance different modifications of the i)Ostcrior extre- 
mities. The mandibles, again, })rcscnt as many varieties of form, 
each corres|)onding to the nature of the food, and in some degree 
indicative of tlie organisation necessary for its due assimilation. 
Ornithologists have, therefore, founded their divisions <./f tlie class 
chiefly on the modifications of tlie hill and feet. Since, however, 
IVirds in general are associated together l)y (‘haracters*so jieeiiliar, 
definite, and unvarying, it becomes in consequence more difficidt 
to se]>aratc them into subordinate groiijis, and these arc neces- 
sarily more arbitrary and artificial than are those of the oilier 
vertebrate classes, 

A hivxmj division . T the class ‘ may be founded on the condition 
of the newly-hatched young, which in some orders are able to 
run about and provide food for themselves the moment they (piit 
llie shell {Aces /;m'cecc.s^) ; wliile in others the yovmg are excluded 
feelilc, naked, blind, and dependent on tlieir parents for support 
(Am's alfrives). 

Nitzsch^ grouped together the feathered tribes under tlirre* 
series, according to the great divisions oi*'^thc terraqueous globe 
which form respectively the princijial theatres of their actions. 
The first order consists of the bird>s of the air, Arcs aarca^ (Luft- 
vbgcln); the second emliraccs the birds of the land, Aves ferresfres 
(Erdvdgeln); the third includes the birds wliieh fVc([UCTit the 
waters, Ares aquatkai (Wasscr-vogcln). The eagle and lark 
exemplify the first; the ostrich and common foAvl the sc'cond; 
the heron and the gull the third, of these extensive divisions of 
tlie class. 

Vigors ^ ])roposed a more definite system viiioii a similar jiriii- 
ciple, distributiiig Birds into live orders. The first includes 
those which soar in the ujipcr regions of the air, which build their 
nests and rear their young on high cliffs or lofty trees ; they are 
the chief of aerial birds and form the order termed Baptorcs, 
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from the rapacious habits and animal food of the species so 
gi'ouped together. 

The second order aftccts the loAver regions of the air: the birds 
composing it are ]>ecnliarly arboreal in their habits, and arc, 
therefore, termed ^ Percliers,’ Lisessores, 

The third order corresponds with Nitzsch’s Aves terrestres, and 
is denominated Basorcs^ from their general habit of scratching up 
the soil in quest of food. 

liy dividing hii^. Arcs aquaticoi into those which wade to obtain 
their food, and into those v hieh swim, we get the two remaining 
orders of the quinary arrangement — viz. the Grallatores and 
Nafatores, The merit of this system mainly lies in the endeavour 
to trace the natural affinities of the several families, and show 
how tlicy .pas3 one into another to form a connected circular 
whole. 

Tlie Baptores of Vigors answci's to the Accipifres of Linmeus 
and Cuvier; the Lisessores to the Passeres and Pici of Tjiniueus, 
and to the Passeres and Scaasorcs of Cuvier; the Basores to the 
Galltna* of Liniueus, the ColumhfTy and to the GalUnacexe of 
Cuvier; the Grallatores to the GralUe of Linmeus and Cuvier; 
tlie Natatores to the Anseres of Ijinnaius, and the Palmipedes of 
Cuvier. 


AVES (Birds). 

Class-characters. 

Animal, vcrtel)ratcd^, oviparous, biped. 

Pectoral ^ limhs organised for flight. 

In teef u men t, ] duinose. 

Bloody red, warm. 

Bespiration and circidatiorty double. 

LunpSy fixed, perforated. 

Nerfative Charactersy no car-conchs, li])s, teeth, e])iglottis, dia- 
phragm, fornix, corpus callosum, scrotum. 

The following are the orders, with their charficters and sample 
families, adopted as most convenient for the purpose of tlie present 
worT< : — 


I 


CCCXLVIII, 



CHARACTERS OF ITiEMATOTHERMA. 


Order I. NATATORES. 

Svvhnining Birds. Toes united by a ineinbrane, fig. 2. Legs 
])laeed l)ebind the oquililn'inm, and body covered with a thick coat 
of down ])eneath the feathers. 

J^^ain. 1. Brevipennatat, Ex, Penguin, Auk, Guillemot, Gi’cbe. 

2. Lonyijieniuitca, Ex. Skimmer^ Tern, Mew, Gull, J?ctr cl. 

Albatross. 

3. TotipalmaUp. Ex. Pelican, Gannet, Cormorant, An- 

hinga, Frigate Bird, Tro})ic Bird. 

4. LfimdUrostratfP. Ex. Duck, Goose, Swan, Fhimiiigo. 


3 <f 



•f 

Wcljbtjil f(x»t oX rdicaii. ITeaa ainl wa'luiu' lois' of the (^urli’W. 


Order 11. GRALLATORES. 

W ading Birds. Legs long, naked fj*om above the distal extre- 
mity of the tibia downwards, fig. 4. 

Fam. 1 . Alacrodactjjli. Ex. Coot, Rail, Crake, Screamer, 
.1 acana. 

2. ihdtrirostrcs. Ex. Boatblll, Crane, Heron, Ibis, Stork, 
4^1111 tal us, Spoon bill, 

.‘b Lonffirostre.s. Ex. Gainbct, Avocct, Snipe, Rufi', Turn- 
stone, Sand[)i])cr, Godwit, Curlew, fig. .‘b 
4. Pressirodres. Ex. Oystercatcher, Thickiicc, l^lover, 
Lapwing, Bu^stard, Courser, 



10 


ANATOMY OF VERTEBRATES. 


Order III. RASOEES. 

Scratching Birds. Feet strong, provided 
with obtuse claws for scratching up grains, 
etc. Upper mandible vaulted ; nostrils 
pierced in a membranons s[«icc at the base, 
and covered by a cartilaginous scale, fig. />. 
Nest rude. Stcrniiin with four, rarely two- 
deep fissures. 

SUBORDEKS. 

Gnll'nmcei or Chnnafores \ Polygamous. E,i\ Megapode, l\‘a- 
'• fowl, Partridge, (iuail. Pheasant, (langa, (Jroiisi*, 
Pintado, Tinamii, Turkey, C/Uiassow, Ouan. 

Cnlumhdcd or (lewiforrs ; Monogamous. Kv. Dove, (ioiira, 
Vinago. 

Order IV. CANTORES (Oscines). 

Singing Birds, Legs short and slender, with throe toes before 
and one behind, the two external toes being 
united by a very short membrane, fig, 6. Ster- 
num with one hind-notcdi on each side, manu- 
brium bifurcate, fig. 15; larynx 5 — muscular. 
The brain arrives in this order at its greatest 
proportional size, and the organ of voice here 
attains its utmost complexity. Nests complex ; 
of Torciior. cggs usually colourcd. Monogamous. 

Fain. 1. Dentirosfres. Ex, Manakin, Shrike, Wren, Wagtail, 
^ Warbler, Thrush. 

2. Cordrostres, Ex, Paradise Bird, Crow, Starling, Bun- 

ting, Tit, Tiark, Finch, (Jrosbeak. 

3. Tenuirostres, Ex, Sun bird. Nuthatch, Creeper, 

4. Fissirostres, Ex, Swallow, Martin. 




Pintiulo or Guinea-fowl. 


Order V. VOLITORES. 

Moving solely by flight. Skeleton light and highly pncumalie ; 
Sternum with a simple mamibrinm, and a deep keel ; in some en- 
tire, fig. 18, in most with two hind-notches on each side, fig. 20 ; 
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larynx trimnscular ; intestinal cicca usually aliscnt, or large ; 
wings powerful, in some long and pointed ; legs small and weak, 
wdth few exceptions not used in locomotion ; with the back toe 
i short, sometimes turned forward ( Ct/pselus), or wanting 
(6Vy.r); the outer toe iv is reversible in some (Troyov?)^ in 
others united to the mid-toe in, as far as the penultimate joint, 
fig. 7. Many nidificate in holes of trees, or in tin? earth; the 
(‘ggs are white and subspherical. Xhey are monogamous. The 
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Syiidiirtylous Ifxit oC Iviugdfihor. Sransorijil foot nf 'VVooJitorkiT, 


head is large, and in most the beak is remarkable for its length oi* 
width, or Ixjth. The gape is wide ; the food taken on the wing. 

Fam. 1. Cypsdida\ Jt’r. Swift. 

2. TrachUidcc. Ex, I Inimning-bi rd. 

3. Caprimul(/ld(p, Ex, Nightjjir. 

4. Troyonidw, Ex, Trogon. 

5. Prionifida;, Ex, Mot-mot. 

fi. McropUUc, Ex, Bcc-cater. 

7. GalbidkUe, Ex, tracamar. ^ 

8. Coran (idee. Ex, Holler. 

9. CapiUmidcc, Ex, Puif-bird. 

10. Akrdmidxr, Ex, Kingfisher. 

11. Bncerotidm, Ex, Ilornbill. 

Order. VI. SC AJs SORES. 

Climbing Birds. Toes arranged in pairs^ two before and two 
Ixihind, fig. 8. Most ovi[)osit in holes of decayed trees. Tvarynx 
trimuscidar. Monoframous. 
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Fain. 1. liimiphastidcc, JRx. Tiioaii. 

2. Butvouida*. Ejl\ l^arbet. 

B. CuvulkUe, Bx, Cuckoo. 

4. Bmd(C, Ex. WocHljieckcr. 

5. Musophagidce. Ex. I'ouraco or Plantaiii-cater. 
r». Cidndcv. Ex. Coly. 

7. Esittacldxc. Ex. Parrot. 


Order VIL KAPTOllES. 


Papaeioiis Birds. Beak, stroiu^, curved, sliarp-edged, and 
sharp-|>ointed, fig. 9 ; legs sliort and robust, with throe toes bebu*e 
and one beliiud, armed with long, strong, crooked talons, fig. 10. 



Pam. 1. N(fctunies. Ex. Owl. 

2. T)^tl^rn(*s. Ex. Hawk, Eagle, V ulture. 

An eighth group of birds has been characterised under the name 
CuRSORES, Coursers, or ‘ Runiiing-bii*ds,^ ‘ by the arrested devc- 
lopement of the wings unfitting them for flight, and l)y the com- 
pensating size and strength of tlie legs, by which they are enabled 
to run swiftly on the ground. This is not, however, a natural 
order ; some of its exjioncnts have demonstrably clovser affinities to 
other groups of which they are Avingle»ss members, just as the 
l^enguins and Auks bear relation to families <4" the Natatorial 
order. Thus the Notornis is a modified Coot. The Ostrich bears 
tlie same relation to the Bustards. The extinct Didus and Fcz(h 
ph'ips are most nearly allied to the Columbaeeons grouj) of 
Maxores, Apteryx and the allied extinct Dinornis and Eahqdcryx, 
bear affinity to the Megapodial family of GalKmc, 


* Proviriy lilig.; Plafi/stcrna^, Nitzscli; Slruihwnitkc, 
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In all the Cursorial genera the sternum is (levoi<I of* keel. 

StruUdo is the only germs of* birds in whicli ^ 
the toes are reduced to two, fig. 11. 

In like manner the web-footed order is an 
artificial one, including derivatives from dif- 
ferent natural grouirs or types; and tire same 
may l>e said of the order in(‘luding the birds 
that liave the legs long and naked above the 
tmrsal joint. ^ 

Derivatively the class of Birds is most 

ch>selv (‘oniiected with the Pterosaur lau order of cold-bloodcHl air- 
»/ * 

bi-eatliers. In erjui\'aloney it is comparable rather with such a 
group than with the ReptlUa irr totality, or with the MaunnaUn ; 
and, li(‘nce, the eorresjronding inferiority of value df the avian 
^ orders’ to the subdivisions so called of those larger classes. 

In relation to time, indications of datc^ as far bae|j: as those 
i){‘ I^trrnsn nr ia, in the ^ ornithichnites ’ or foot prints of the New- 
lled Sandstones, for example.* The lithographic slates of a later 
mezozoic jicriod have revealed a true feathered bird,*-^ Avanting 
oidy tlie adaj)tive modification of the caudal vertel)ric charac- 
teristic of all neozoic birds, even those of the oldest tertiary 
strata, in Avhieh fossil remains of ro])resentatives of nearly all tlie 
]»reseut ordei’s of Aves have been found,^ The most recent in- 
stance^s of extlnc.tion of species are of the bii*(ls that have lost the 
power of flight; as, e.g., the gigantic Mohh ( Diuornls, Palapfen/.v, 
Aptoruls^ Cuemlorntsy of jScw Zealand; the equally gigantic 
Epi/oruis of Madagascar; the Dodo (^Didns) of the Mauritius; 
the Solitaire {Pvz<yphaps) of Rodriguez; tl\e Gare-fowl {Alva, 
hupeunls) of ^Orthern shores or islands. 

Notwithstanding the characteristic powers of locomotion of the 
class generally, it is amenable, most suggestively, to laws of geo- 
gra[)hical distribution and limitation. ^ 
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CIIAPTKli XI V. 

% • OSSKOUS SYSTEM OF AVES. 

§ 124. (ienc)*al Characters . — Tlio skeleton of 15 irds Is reiiiark- 
able for tlie rapidity of its ossification and the liglit and ole^'ant 
ineehanisni displayed in the adajitation of its several parts. The 
osseous substance is compact, and exhibits more of tlic laminated 
and less of the fibrous disposition than in the other vertebrate 
(ihisses. This is more especially the citse in those parts of the 
skeleton which are permeated by the air. The bones wdiich pre- 
sent this singular modification have a greater proportion of the 
phosidiate of lime in their composition than is found in the osseous 
system of tlie mammalia, and they arc whiter than tlic bones of 
any other animal. In the bones where the medulla is not displaced 
by the extension of tlic air-ci'lls into their interior, the colour is of 
a duller white. In the Silk- or ‘ black-boned ’ fowl of the Tropics 
{Gallus Morio^ Temminck), the periosteal covering of the bones is 
of a dark colour; but this is a peculiarity of the cellular rather 
than of the osseous texture, Avhich does not ditfer in colour from 
that of other bird?^; indeed the thin aponeurosis (covering the 
lateral tendons of the gi/zard of the Silk-fowl has the same dark 
line as the membrane which invests the bones. 

§ 12o. Dorsal Vcrfchrce. — The modifications of the common 
vertebrate type of skeleton reijuired liy the exigencies of the pre- 
sent class are extreme. ^Vnchylosis so fetters the verteliral column 
that from no ]»art can a single segment Avith all the elements be 
detached Avithout using tlie saw. The skull includes four, the 
sacrum a greater number, of vertebrie, of more or less of Avhich 
tlie luemal portions alone retain freedom. 44ie remaining segments 
may be classified as ‘cervical,’ ‘dorsal,’ and ‘ caudal’: in the first 
and last the plcurai)ophysis, if present, is confluent with the 
neural arch : in the dorKsal scries, the jdeiir- and hiem-apophys(*s 
are flexibly articulated, but the luemal spines are connate, find 
repres(‘nt.cd by a single bony plate. 
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III iig. 12, Is given a sketch of three dorsal segincnts, i, 2 , 3 , 


Avitli the lueinal arches, 52, 58, of 
two others. In the first and se- 
cond dorsals the plcurapophyses ( i 
and 2 ) terminate in a free pointed 
end, like the ^ false floating ribs,’ of 
Aiithropotoiny ; in the third, the 
])lcurapoi)hysis, />/, s, articulates 
^dth tlie hu:ina|)ophysis, h ; and this 
with the expanded spine, h .s*, Avhiih, 
in connation with its homotypes, 
constitutes the bone called ‘ ster- 
num,’/. Every succeeding dorsal 
segment lias the hiemal arch com- 
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First dorsMl vc ntnl 

sirrli (if :i Ijird, in dliiifnininiiitH^ side view. 


pletcd by bone. 

Fig. IS, gives a diagrammatic front view of the connate dorsal 
or thoracic Inemal s[)ines, c, .v; the luemapophyses, d, of five 
corresponding segments, and also a modified pair, //, />, of the hiem- 
apophyses of an antecedent segment. 


The [deurapophyses, /;/, a, 
of the dorsal segment arc 
shown in connection with the 
centrum, r, and neural arch, 
n ; it is to this jiart of the 
segment that the term ‘ V(‘rte- 
hra,’ is commonly restricted. 

The dorsal vertebra?, thus 
defined, rarely form more tlian 
a fourth jiart of the entire 
column, and in some of the 
long-necked Grallatores^ as 
the Stork and Flamingo, fig. 
14, form only an eiglith ]iart ; 
they have not been, observed 
to be fewer than four (iu some 
Viiltures), iior more than nine 
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throughout the class ; the lat- Autorim- vmoi.i 

“ ’ or tlmraiMr n' 

t(;r unmber obtains in the Ap- 

torvx : the most common numbers are six 


Autori<ir vrrrolir:i, wil h otlii'r liM inal ;i df dorsal 
or tlmraiMr in rliajiraniinal ii frojil view. 


or seven. 


The dorsal vertebne arc shorter tlian most of the cervicals, and 
Avith broader neural arches, in consequence of the greater dcvc- 
lopcment of the transverse ])roccsscs ; but their bodies become imicJi 
comjiressed, and in some llirds are reduced almost to the form ol' 
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vertical laminae towards the sacral re<>;ion {Apfniodf/f:eft^ Catar- 
rlmrtcs); but, in the Ostricli, the bodies of the dorsal vertebnu 
retain their breadth tliroughout the series. 

The bodies are united by capsular li|*'aincnts and synovial inein- 
braiies; the anterior articular cartilaginous surface is convex hi 

14 
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tljc vortical direction, and concave in the transverse ,* tlie |)ostcriur 
surface is the reverse. The Penguins and Auks, however, present 
an exception to this ride: the posterior surface of tlie second or 
third dorsal vertcbi’a is concave, to which tlie opposed end of the 
succeeding vertebra [iresents a corresponding convexity; the 
‘ p[>isthoc(idian ’ ball-and-socket-joint is continued between the 
centrums to the last dorsal.^ In many Ibrds the liodies of sonic of 
the middle dorsal vertebrie are anchylosed together; and in gene- 
ral those Avhich are* nearest the sacrum. In the Fhiiningo, fig. 


‘ VII. ]>. 270, and x. pi. 52, 50, 51. 
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11, the an<*hylo.sis exteiidw iVoni the second to the Jifth dorsal ver- 
tel>i*a. Ill tlic Sparrow-liawk, llie same verteb^a^ are eonsolidater] 
into one piece, while the sixth enjoys considerable lateral motion, 
both ii[)on the filth ajid seventh, wliieh last is aneliv losed to the 
sacrum ; so that the Ixxly (!au be rapidly and extensively infiectetl 
toward either side during the ])ursnit of* prey. 

Fjom sonn; or most of* the dorsal eentriims iiderioi* processes 
(hy pajKiphyses) are sent down, for extensive and favoiirahle origin 
#f the flexor iniiseles, loittjl tolll amYrecti aHtu i^oY. tJieneck. ^In a 
vulture { fulrus) tlie hy])a|)ophysiii is a low median ridge in 

the first and second dorsals; to this, in the thiinl dorsal, is added 
a pair ol* outstanding dejiresscil ])lat(ss: in the fourth the pair of 
j)lates are smaller, and, with the medial ridge, are suj>ported on a 
common stem: in tlie filth dorsal, the hypa[>ophy^iis ^is again 
reduced to a median com])ressed plate, but it is expanded at tlie 
end; tln^ vertebra, which hy anchylosis lias hecome tin; foremost 
sacral, lias a similar Imt stronger and slightly hil'ureate hypa[M)j)hy- 
sis. In both Vultures ami Kagles the parial h\ pa[M)])ljyses are seen 
to lie due to modified para|)o}diy.ses, which desceml and are jH'o- 
gressively lost in the median liypapophysis of the fourth and fifth 
dorsals Ciiv.); the sixth and seventh IniNe only the 

low median ridge, ^.flie jiarapophysial jiairs of inferior proec'sses 
are broad divergent [ilates in tlie anterior dorsals of Ai>irn(HlfjtvH^ 
and Alca^^ and subside iijion the large ami long eompressed median 
liypapophysis which eliaracterises tin?, posterior dorsals. 'fhe 
unusual developeineiit of these inferior processes relates to the size 
and strength of the subverteliral muscles, which combine witli 
other muscles of the trunk in the shntHing*moveinent hy which 
the Pengnin, like the seal, makes ]>rogress, ]»rone, iijion dry land. 
In the anterior dorsals tlie jiarapophysis, besides forming the arti- 
euhition for the licad of the rib, sends off a nuiS(*nlar process sub- 
ject to the modifications above mentioned : tlie dia|Kii)hysis is 
larger and more constant in ehara<‘ter; it is extended from betbre 
backward, is liorizon tally tlattened, and forms tlio surface lor tlii^ 
joint of the tubei’cle of the ril) at a small part of its outer liorder: 
a inota])oj)hysial ridge is develojied from the upper surface, and is 
fre(piently produced into filaments coalescing with those of conti- 
guous dorsals. The pneuniatie foramina are at the liack part id* 
the base of the dia[)ophyses. The zygajiophyses are small, the fi\*nit 
]i{gr look njiward and inward; the back |>air ontM ard and downward ; 
tlie latter often sn})port anapopliysial ridges. The neural spine is a 

* x\ pi. 51, fig. 48, /t, A. “ xir. 
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compressed (piadrato [date, Its truncate suinmit is often thielvcued, 
sometimes produced forward and backward to fix the vertebne 
from their highest points; ossified tendons (d* s[)inal muscles, also, 
aid the coalesced spiuoiis and transverse processes in fixing part of 
the dorsal region, bnt only in birds of [>o\verfid lliglit, and not in 
all such. The]>artial anchylosis of the dorsal region is asso(‘iated 
in Falcons /with their ‘hovering’ action. The [ileurapophv ses 
or ‘ vertebral ribs’ articulate inovcably to the dorsal vertebra*, as 
also^to the anterior sacral, when de.veh)]>ed there to form [)art of 
the compages of the ‘ chad.’ In the first, and usually the s(‘coml 
<lorsa], they are free, jK)inted, fioating ribs, fig. 12, 1 , 2 , fig. IB, y>/. ; 
they articulate witli bony ‘ ha*ma|>ophyses ’ or ‘ sternal ribs,’ il>., //, 
r/, in the remaining dorsals. As the vertelvral ribs are placed more 
Ixickward, the neck or pedicle snj>[)orting the head elongates, and 
this articulates with the parapt>[)hysial surfiice or tubercle, close 
to the anterior border of the centrum; rarely, as in the Penguin * 
and Ostrich, encroaidiing u[)on the intervertebral space. The 
tubercle of the ril) is, in most, supported on an elongate eoinjiressed 
base, and articulates by a synovial joint with the diapo]>hvsis. 
The body of the ril), wli(*re formed hy the union of the two arti- 
eiilar ])roe(\sses, is compressed, or thin from side to side, Imt hroad 
from Avithin outward; hut the outer margin soon exjiands both 
forward and 1:)aekw'ard lieyond tlie (ronvjn'cssed part of the body of 
the rib ; this part, as tlie rib extends down, subsides, tlie outer 
margin maintaining or increasing its breadth, and forming the rest 
of the rib, giving to it a flattened surface externally. This is the 
eominon hut not constant eharaetev of the d(n*sal jileiirapophyses. 
^rhese ribs are bro/idest in proportiim to their length in flic 
>dy;^c/y/j*,*^narr<Avest and also longest in the (hiillemots and Anks'^; 
they are slender in most Insfssorrs ; broad and strong In Rapfotrn, 
The second, third, and fourth ribs are partially and remarkably 
expandcdiin \Vood-[K‘ckers. In all birds tlie end of the vertebral 
rib articulating Avith a sternal one is tliickcned to form the sub- 
eon vex surface of the synovial joint. There may be several mi- 
nute pneumatic foramina, but the most constant and cons|)iciious 
is below^ the tulierc.le. 

An ‘ e[)ipleural ’ appendage, fig. 12, a, is attached to most, if not 
all, the moA cable pleMra|)ophyses between the first and last, and 
consequently may he found in tlie pair of Avhieli the centrum lias 
become [lart of the sacrum. These a[)p(!udages are oliloiig flat 
bones, varying in the proportions of length and breadth in dif- 
ferent species, and al*so in their mode of union to their rib: tliey 
'X * pi S2, fig. 48. ® xr. pi. r)4. 
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iire (lirectefl Mjmanl and ])ackward, usually overlapinug tlic suc- 
ceeding rll). In the A])teryx they occur in .the sccoikI to the 
eiglith pair of rihs inclusive, and are articulated by a ln‘oad base 
to a iissui’e in the hind border a little below the middle of tlie 
i-ib: those belonging to the third — sixth ribs are the largest and 
overlap, "riie articulations of the appendages pei'sist in other 
wingless birds, iinduding the Penguins and Auks; ;ilso in soukj 
birds of night: the Raptorrs well cx(^plify tlie c<ndesceiice of the 
appendage with its rib. The appendages t(^ some of the in 
J*icns are broader than they are long : dthe length much exceeds 
the breadth in some Natatores {Una, Larus)pA\\i\ (JraUatons 
{/Imnaiopus, Plavna optvnis, jtL 14). 

'riuj moveable haima])ophyses, or sternal l ibs, usually begin at 
the third, sometimes the se(‘ond, rarely, as in the J'hmxi, at the 
fonrtli |>air, more rarely , as in the Chissovvarvs at the fifth pair, of 
the moveal)le plenrajiophyscs ; a pair of sternal ribs, may also 
exist answering to the segment succeeding the last of those which 
liave the long and moveable vertebral ribs ( Vnlfu.r\ The 
(common number of such haanapophyses is six ]>airs, of Avhich the 
first five articulate with the sternum; the last usually having its 
sternal end attaehe<l to the antecedent one. The hiemapophyses 
are longest, most slender and most mimen)ns in the (Juillemots 
and Auks. 41iorc are eight ]>airs in Phabrus, Temm. ; seven 
pairs in Urin. In Bliea and DinomU elephantopus V)ut three pairs 
of lueimqiophyses articulate wdth the sternum. 41ie sternal rihs 
progressively iiuirease in length from the first to the penultimate, 
and converge towards the costal border of the sternum, where 
ibey articidato, >vltb transverse elevations* divided by narrow 
depressions. Their u])per end is but little, if at all, expanded, 
and its articnlai- snrfa<*e is subcoiicave; their lower or sternal end 
is expanded from within outward, subeomjircssed from before 
backward, and h(?re is usually found the pneumatic foramen. In 
the ostrich the sternal end supports twH) distinct articular siii-laces, 
each having its own cajisular and synovial articulation with part 
of the costal eminence.’ The joint lietween the pleur- and Inem- 
a])oj)hyses is also synovial and capsular. Tliis is the main centre 
u])on whi(di the respiratory movements hinge, the angles between 
the vertebral and sternal ribs and between these and the sternum, 
hecoming more open in inspiration when the steimum is fie- 
pU(^ssed, and the contrary when tlicstermmi is aj)proximated to the 
dorsal region in expiration. In some birds, chiefly of the terres- 
trial or aquatic kinds, the vertebral and sternal portions of one t>r 

* XX*. i. p. 54, no. ‘254. 
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more of tlio last pairs of thoracic ribs are uncormocted with cacli 
other, ill the skeleton ; such sternal libs r(?semhliiig th(3 abdominal 
hiemapophyses in Saurians, or the ‘ intersections,’ ossified, of the 
rectus abdominis muscle in Mammals. 

The modificatious of the stenuim in Birds relate io their 
faculty of flight ; more directly, to the adeciuate origin of the 
muscles ai*tiMg upon the pectoral limb, less directly to the me- 
ehanism of respiration needed by the conditions of tlu' lungs ; also, 
in .IV'reliers, to sustaining the body in slee[>. * 

The stermim of tlie Binl is the bony ventral Avail of the trunk, 
fig. 18, (H), s, /•; it is not, however, the 
h(»mologiie of the ]>lastron of the Tortoise, 
fig. oB. p. ().*), vol. i., but ol* tluj series of 
havmal spines forming the e]>ist(a’uuni and 
stermim (»f the Crocodile (fig. ob, [)- bS, 
?/>.): it is develojKHl, in most Birds, from 
one pair of ossilic cent r(^s, wliieh, coalescing 
in the mulline, usually consolidate the car- 
tilaginous basis of the keel by continuous 
ossification therein. 

The i-hief’ parts to be noted in the Bird's 
st(n*num arc the ^ l>ody,’ fig. 15, a, with its 
notches or holes, /, ,/*; the ‘ keel,’ fig. 18, 
.v; the ‘costal processes,’ fig. 15, d; the 
‘ costal lionlers,’ with their artienlar sur- 
faces, fig. 15, c; the* coracoid grooves,’ figs. 
15 and lb, h; and the ‘ manubrium,’ fig. 15, 
r, no. 

The body may be almost flat, as in 
yil>ferij.v and Dinonns ; or very concav(% 
the sides being bent upward at an acute angle, as in Aijuila ; 
It is coifiinouly less concave toward the trunk. It varies 
greatly in the proportions of length and breadth : the latter 
dimension is in excess in Aptt rjfx and Diuornh ; the brea<lth 
nearly equals the length in other ^trntliionhJfP., the ^Vlliatross, 
and t\w Pelican. The length jirogressivcly gains in other birds, 
until it hecoiiies four times the lircadth of the sternum in 7Vy/7/.- 
jtifLs, fig. 14, B. Extreme length is associated Avith ordinary 
brcnidth in the sternum of the Auscrines, Auks, (luillemols, 
inany W'aders, diurnal Jiaptores, and some Voliiores, reaching' to 
the ]>elvis, and occafiionally to the pubic bones, fig. 18, s, p\ and 
requiring removal for exposure of the abdominal cavity. 

Examples of an ‘ entire ’ sternal body, i. e., neither notched nor 
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|KM’lora.tc(I, arc afforded by Swifts, Huininlng-l)irds, fi^. 18, some 
{Aqulla., i\indi(ni^ HaUaitiiii) and V(i\v{!\?*{ ThalaHd(h'tnna)^ 
iii coniuM^tion )vitli excessive developeinent of the bone and ^reat 
powers of Hijjjht; also by the Kmeu, Rhea, Cass(m ary, ainl Xotor- 
nis, fio'. If), where the l)()ne stops short of |lie ])arts exhibiting the 
notches or grooves in Ifirds of flight, and retains almost tlie small 
h'KTrtian proportions, lig. 17, a, The oblong and not very large 
sternum of some Cockatoos {Cidtjjdij^ujncfius) is entire; in the 



Halearie and Demoiselle Cranes, in the Ibis {l'anfnlus Ihla)-, in 
the Againi (Vsophia)^ the slerjiiim is long, narroAV, and entire. 
The broad sternum of the Frigate-bird (Tarltt/jH'frs) ixwil the long 
sternum of the wingless Auk {Alva irnprnnis) are also entire.' 

The anterior margin of the sternal l)ody is im])ress(Ml l)( the arti- 
cular (*aviti(*s for the coracoids. In AWe/*w/.v, lig, 1(>, Dinonits 
and Apfcnj.v they are small shallow depressions, n(*ar the outer 
angles: they are similarly situated, but longer and deeper, in tlie 
Rhea and Cassowary ; are more extended and with a shorter inter- 
i^pace in the Ostrich. In binls of flight they ai‘e (h‘ep grooves, 
'vith the up]>er or hinder border thickened and convex in many, 
affording a concavo-convex snrface for the l)road end oi* the eoracouh 
I lw?y mostly meet at the midline; they are continuous, j)erforating 
the base of the inannl)rium, in some (7n/////ra (./b/7//>) ; and have 
Iheir medial ends decussating, extending one in advance of the 
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other across the midliiie in some Grallm {Ar<1ca)\ and in a sll^^ht 
degree in some diurnal 'Jiaptore.s. The borders of tlie coracoid 
gnxn'cs -show modifications characteristic of genera and si^ecies.* 
Jn the Albatrovss the coracoid grooves extend to the outer angles 
of the sternum^ between h and s, fig. 13. In most lUrds with 
a like extent of groove the upper or inner border is developed 
behind and ‘’beyond it into a ‘costal process:’ but tlie coracoid 
grooves do not reach the outer aiigle in man}* lllrds, and tlie 
angK? itself is then produced to form the jirocess, figs. Id, IP aidl 
20, r/. It is long and sfender in some J{asorr,s (Prnfi.r); sliort 
and broad in most Hapforesi but, in many birds it is represented, 
as in tlie Eagles, merely by the angle lietween the anterior and 
costal border's. On an average about half of the lateral margin 
of the sfernnm is adapted for articulating with the dorsal hicina- 
popliyses, figs. 13 , h d and 15 , hi hut, when the sternum is long, 
the ‘ costal horder,’ fig. 15, c, is shorter; and when the stcriuim is 
short it occupies a larger extent of the lateral margin. The [>art 
of the bird’s sternum ausweriiig to that of Mammals is incliuhul 
between the costal borders, fig. Ifi, c, r : the rest corresponds with 
the ‘ xiphoid ’ jirolongation. Thus the Apteryx, Ihncu, and Ostrich 
most reseinlile Mammals in the proportions of the costal and non* 
costal parts of the stormirn ; whilst in most birds of flight tlie ram- 
costal part, fig. 15 , a^ f\ extends along that part of the great visceral 
cavity, which would be similarly defended were the xiphoid car- 



tilage to be produced and expanded in the same degree in Man. 
In the Crocodile, where it is so produced, without expanding, 

* The value of these ami other sternal characters in Pulajonlology may be estimated 
by reference to my ‘ British Fossil Mammals and Birds,’ p. 549 {Lithormtt)^ and p. 
936 (^Calo&ffks). * 
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tlic (‘ostal l)oi’(lers sire co-extonded thcrcwitli, fig. 50, p. 08, vol. i. 
la most GidLitm the lateral margins of* the sjtcriiuin are deeply 
eoneave : in the (Juan (Peneio/fe) almost angularly incised, with 
the costal border on the anterior slo])c. In tin) 'rinamou, fig. 11, 
n, the long margin beyond the short costal border is convex : in 
many W aders {Plata Plianncoptrrus^ fig. 14, C) and Swimmers 
{ Prorellarluy Dlaamkea) the lateral )>orders are straiglit and paral- 
lel, or nearly so: in Rlwa, Casuarhia^Jrornaias, Ab/Yn‘y//\v, fig. 16, 
they converge to the hind liorder : in most birds the lateral bo^xlers 
aie moderately concave and di verge', figs. 15 and 20. The (‘ostal 
bonier is thickened, and divided by the lransver.se articular ridges 
for the ha*ma]ioj)hysos into hollows, which usually .shenv ])neumatic 
(‘oramina. The modificatiotis of the posterior bonUn* will ]>e iioticed 
in connection \vith the sternal characteristics of ordlu’s^ or oilier 
grou|>s, of Dird.s. 

The part of the sternum Ixaring the most direct relation to the 
force with which the pectoral lind>s are wa>rke<J is the ‘ keel,’ 
figs. 18 and 19, .v. In order to afibrd origin to the accumulated 
fast'lculi of the pectoral mu.s(‘les, whii’h olh(*rwisc would hccome 
blended together over the middle of the sternum, this osseou.s erest 
is extended dowinvard, analogous to the cranial crest vvhi(‘h inter- 
venes to the temporal muscles in the carnivorou.s mammalia; and 
w hich, in like manner, indicates the power of the bite. 

The keel varies in depth, length, contour of the front and lower 
borders, and d(*gree of production, freedom, or otherwise of’ the 
angle betw een tliiise borders. The keel is long and dee]i in tlie 
wingless Auk and Penguin, relating to the innss of miisele 
w^orking the fore lirnhs as fins in these excellent and hahitual divers: 
in the Penguin both the free borders are straight, and meet at 
rather an acute angle, fig. 19. The keel is d(‘cp, desoeriding ante- 
riorly far below tlie fiirculum in most GallhaP i it is remote from 
the fiirculum in Umosa, Ibis, Scalopaj:\ hut touches it in many 
other Grtf/la fores ( Otis, Psofthia, Cironia), It coalesces W’itli the 
furculum in Gras IV/y/c and Grns Anti (pate in the stilted Vul- 
ture {Gppo{/eranus)\ in the Frigate-bird {Tarhppetes): also in 
Ihe Pelican {Onncrotalns), (Jannet and in old Cormorants 

( VarlHi), the fore part of the keel being much ])ro(lneed in tlicse 
Totipalmates. The keel is thick in the few' birds in Avhieii a 
fold of the windpipe penetrates it ; the anterior border being 
excavated to admit the fold. In the larger Raptor es tlie front 
border of flic sternum is rather thick and siibearinatc. Tlie outer 
surface of the sternum shows in many birds a * earinal ’ ridge, a 
‘subcostal’ ridge and a ‘pectoral’ ridge, the latter defining the 
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origin of the * |)(H*tonilis sccnndiis.’ Tlie siiboostiil ridge varies 
in its distance froirv the costal border, being more remote in Atjiula^ 
e. g. tlian in Ur'ta\ tlie pectoral ridge varies in position, direction, 
and extent. In the Eagle it reaches from the outer end of the 
coracoid groove to the middle of the base of the keel. In the 
Razor-bill {yifca forthi) it extends from the costal border to tin* 
posterior stesnal notch ; these differences relate to the form and 
pro]MH*tion of the pfcf oralis seranflns. The ‘ inannl)rium ’ forms 
but V/ small portion of the sternum, and is often absent or rudi- 
mentary : it may be cont:]n’essed, spatnlate, long and simple, or 
bifurcate; the latter is its character in all Ctiutores, fig. 15, c. 

The parts of the sternum of the Lizard, fig. 17, homologous 
with ])arts -of the sternum of the Rird are those forming the 
coracoid- groove,’ ib. 5, the ‘ costal l)order,’ ib. c, c, and the 
median bone, 5i), ]»assing forward to join the clavicles, ib. nS. 
'^riie broad flat bone, including the first two parts, exists in all 
birds; the third, or ‘e|nsternal’ part, is wanting as a distinct 
element, but its positions and connections are repeated by the 
exogenous keel and ‘manubrium.’ The ejiistcrnum, moreover, is 
not present in all Lizards: it is wanting in the diameleons, e. g., 
ill which the sternum partakes of the simpli(‘ity of that in the 
Not<n*nis, fig. lO, the Aptc-ryx ami Emeu. 

In the Apteryx the anterior liorder of the .steiaium between 
the cora(*oi<l grooves is concave, and tlie posterior border has a 
deep and wide emargination on each side. In the Ihneu the 
coracoid grooves meet at the middle of the anterior border ; and 
the sternum contracts jiosteriorly to an obtusi; point. The ster- 
num is rhomlioid, also, in the Cassowary: it is broader in jiro- 
])ortioM to its length, and subquadrate in the Ostrich. In 
Notitrnis, fig. Hi, tlu^ costal borders converge j)ostei*iorly, as in 
Lizards, and the narrow breast-bone is continued as a ‘ xijihoid ’ 
part, gradPially contracting to a blunt point. The depi'essions, fio, 
for the po(;toral muscles arc separated l>y a narrow nuMlian tract, 
expanding anteriorly, 59, and showing tlie beginning of the ‘ keel.’ 
In BrochypteripA the keel is rather more prominent: two obtuse 
ridges diverge from its fore-part to the coracoid grooves, between 
wliich the fore niai'gin is deejdy concave, as in the Ajitcryx. 
There is no distimrt ossific centre for the keel in Bravhypterijx, 
anj more than in its feebler rudiment in Notornis, In all these 
keel-less sternnms ossification begins, as in the Ostricli^, hy^ a 
pair of centres expanding until they meet and coalesce in tlic 
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iriiddlo lino, and ilienoo, aeoording to the stiinnlus of tlio grouili 
:nid ])r(‘ssnrc of* tlic pectoral iniiselos, extending, as a keel, into 
tlie inters|)aee. A S(*i>arate ossification answeritig to tlie e)>i- 
sternnin in Lizards and (yroeodiles is not formed; l)iit llm body of 
the sternum Avith tlie keelhas a eenln; distinef from that of the 
long l)ifnj*<'ate siile-proeosses, exceptionally, in (MaWnre, 

In tiie Penguins, fig. 10, the siernnm is long and iwirrow, Avitli 
a dee[) fissure, /*, on each side of the^)ost(»rior liorder: the free 
Iftn-dei's of the AvcH-develo])ed keel are*, straight, and meet at> an 
acute angle, whieh almost touches llic« fmvulimi. There is a 
short niaiudirium, c, hehind uhleh the coracoid grooA'CS, /», meet. 
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in the Auks and Gnilleinots the stennnn * is very /ong and 
narrow; the hover horder of the ketd is coiiacx, the front one 
concave ; tlie mannlirium is short and Av edge-sha|HHl ; the stcrniun 
is entire in Alva iwpvnnis^ but has a narrow not<’h on each side 
the posterior horder in Alva torda^ to which the pectoral ridge ex- 
tends from the costal border; the iiolehes are coinerted into fora- 
mina in Uria and Phalvris pi/f/mcpa. The Ijoons {(^olt/mljfis) have 
a similar two-notched stm’niiin, hut with larger costal borders. 
In The Giadies { Podhrps), the stcrniun is broaxha* ; and tliere is a 
median notch hetween the two lateral posterior ones. In the 
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Skimmers, Gulls, iiud I'erns, the stcnuiin lias two shallow notc hes 
on each side the posterior inargin. In the Petrels and Albatross 
the posterior border is feebly incised or entire and the stermnn acs 
(]iiires grt?at breadth, especially in the Albatross. Thc^ keel reacdies 
the fiireuliini in all the Longipeimatc family. In the Pdvcmiidm^ 
conthieuce of the two bones nsnally here occurs; there is a pair of 
shallow })osterior einargi nations. In the Lamellirostrals the stcM*- 
mim is both large and long, boat-shaped, with extensive costal 
borders; the keel is of moderate depth, with almost straight iVdti 
borders, excavated for K’achctal folds in some swans ; there is a 
short notch or .small foramen on each side the broad j)ostc‘rior 
margin in all tlic Sifters ; the inaimbrinm curves downward in 
many. The Flamingo’s sternum is given in fig. 14, c. The fore- 
going diversities of sternal structure in the web-footed birds indi- 
cate fnan bow many types lbc\y have been derived, and shows thc^ 
artifieial eharac*ter of the w(‘hbed-foot. 

The same testimony is home by the l>reast-boue of the long- 
legged birds, from wliicli, in some instance's, the spedes have 
been detached when the truer affinities were sufficiently strongly 
marked, as, e. g., the Flamingo to the Sifters or Lamellirostrals ; 
the Secretary Bird to the Vultures; and the Gouas to the Cuo 
koos. In the long and nai-row sternum of the Coots and Hails 
tlie two posterior notdies are deep, with the outer boundary the 
longest, and Jlrneltupteryx shows a tliird intermediate shallow 
notch. 

The Ibis and Spoonbill have a four-notched sternum; the Ad- 
jutants and Herons have a two-notched one ; the notehes are short 
in both. Peculiarities in tlio breast-lionc cd’ certain Cranes have 
already been noticed. Fhe Wcxuleoek {Scolopax) has a pair of 
notehes, witli the outer boundary slender and shorter than the 
broad intermediate tract; the Gambets ( Avocets, Sand- 
pipers {^rriruia)y Curlews (^Namrnin.s)^ Pratincoles {Glnreola), 
have the four-notched sternum. In the Godwits (Lhnosa, Hrlins), 
the medial notches are almost obsolete, and the lateral ones wide. 
The ^ Thick-knees’ ((7!,W/Vv/cyw«.y) and Bustards (0//.y) have the 
four- notched sternum, the notches being small. 

In the Gallinaceous group of Rasorcs, the four posterior riotclies 
arc so wide and dee]) as to reduce the bony [larts of the sternum 
almost to five slender processes, diverging from a short and 
broad anterior stem, and the points of ossification are multi|)lied 
accordingly. The ipiddle process is the broadest, and from it is 
developed th6 keel, of which, in some ( Ortyx^ Perdix\ it seems 
to be almost wholly composed. As the median pair of notches 
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Is iisiuilly deepest, the jn’occsscs on each side the mid one a})pear 
MS nnccpial, stylii'orm, teruiinally expanded, prongs of a fork, the 
(Miter prong being tlui shortest. The costal border is very short, 
and is continued njion the costal process, which is. long : the 
nuinubriuin is com])ressed and terminally dilated and deflected, 
often pei'forated transversely by confluence of the short cora- 
coid groovi\s. The fowls (^Gallua)^ [)hcasant>» {Phasiavus)^ par- 
tridges (Penlt'j:, Frmicolinus)^ {Coturnir^ Ortyx^ Zc/y/i- 

ilrtyx)^ grouse {^Tf'trao)^ exemplify the gallinaceous typo of the 
stern inn. ** 

In the Turkeys {Mcleagrls)^ Pea-fowl (/V//vy), and Kalcegcs 
i^Polifplvvti'un^ lAyphopkorus^ Onurphasis)^ the sternum is more 
ossified, and the lateral processes are sliorter and l)roader; in the 
Cnrussows {Cra.i\ Oi/rax), they present the propoi’tiohs j^hown in 
tig. 14, A. In tlie (langas or Sand-grouse (^Pfrroclrs. Sf/rrlff/ptf^'t), 
tile outer pair of notches arc chii'fly present, the inner jiair 
nearly obsolete ’ ; in the Tinamous^ they are wanting, the outer 
notches are of extreme length, and the whole .sternum is reduced 
to a trifid form, as in fig. 14, n. The sternum of ( Vy//o///y^/ coronata 
resemhlijs that of the (hira.s.sow, with the median ])air of notehes 
.shorter and narrower. In Cotuwha ma(jrii./irn.'\ the four inMchcs 
nre more equal in size, and the whole sternum i.s broader. In the 
Colnmfm It via the median pair of notches are often converted into 
small foramina. 

'flic tran.sitional stcjis in the foregoing series from the type- 
sternum of Grtllincii to that of the sw iftest of the doves indicate 
the natural character of the order Uasoren, 

In diurnal Itaptores the stermim is a large elongate paral- 
lelogram, convex outwardly both transversely and longitudinally. 
I'hc mamibj’ium is shoi*t and trihedral ; the lower border of the 
keel is convex; the front border concave; their angle of union 
rounded ofl’. The instances where the sternum is eiAire have 
been cited: in other birds of prey tlie jirrest of ossiflcatioii is 
limited to very small parts of the hind border; usually a fora- 
men, rarely a notch (^Sarcoramplitas), on each side; one of 
which may be filled np, Avholly or jiartially. Eytoii^ figures 
two small notxflies on each side the posterior border in Hicrax 
henf/alensis ; and both liole and notch on eai‘h side iii Cathartes 
aura. In tlie Nocturnal Kaptoros the sternum is relatively 
shortei’, the keel less deei>, its lower margin less convex and not 
tlilckened, tlie costal border is shorter. The posterior margin 
n.snally presents two notches on each side, the ‘outer one tlie 

XIV*. pi. G. * Zb. pi. It). 


xin*. p. 2 >8, fti;. 109. 


- lb. p. 230, fig. no. 



28 


ANATOMY OF VEUTKBRATRS. 


(leeposl ; but tlie Ibini-cuvl (iSV;v\r liiis but ouu ou earli 
m\i\: Avhile Strlv^praticoln shows a third intervening* noteh.’ 

In the Caittorrs the stcrninn, fig. lo, is broadest beliind, with 
the lateral margins slightly eoueave, the costal, c, usually meeting 
the rest of the margin at a very open angle. I1ie keel has a 
convex lower bordc‘r meeting the concave front border at a sharp 
angle: the wianubrium c, is bifurcate: tluM'ostal processes, d, are 

broad and flat: •the ])ostcrior border 
has a notch, /j usually of angular forni^, 
(Ml each side, near tlu* latcnd margin, 
and with this outer boundary termi- 
nally dilated. 

Among the Sra/tso/rs the Toucans, 
Inirbets, Touracos, and \\^>odpeckers, 
tig. 20, have a l*our-uot(‘hed sternum: 
the(bickoos have but one ))air of short 
notches ; many Pan-ots {^F.sittanfs pro- 
]»er, l\'zoporffs) have one pair of small 
foramina, and (/(tlt/j)forh//nrlnfs has tlu; 
sternum entire: it is keel-less h) Sfri^ 
In most parrots the (jostal border 
is extensive; the inaimbrium is trihe- 
dral an<l trun(‘ate. aNom* of the Sran- 
sorrs have the manubrium l>ilurcate ; it 
may be notched; in most it is small ; in 
some (CfurifltJs, Hamphastoa) obsolete. 

In the Voitforr,^^ as a rule, the 
p<»sterior border of the sternum has a 
])air of notches on each side: the Eurvlaim and Hoopoe have 
(Hie notch or foramen ou each side. The Iloiaibills, Swifts, and 
llumming-birds have the sternum entire. in none of this 
group is*tlie manubrium bifurcate: it is Avanting in Fuflnn/nH, 
Jlarpavtrs^ Tailiis: the costal ju'ocess is wanting in some. Iji 
the Swifts {Cjppsdns) the sternum con*esponds in its pro|)ortional 
magnitude wdth the superior length and poAver of AAing Avhich 
characterizes the genus: the (le[)th of the keel (‘quals tlu' breadth 
of the entire bone. The manubrial jtrocess is Avanting, but tlie 
costal pi’ocosses are moderately long and pointed, 

**111 the riunnning-birds, Avhicli sustain themselves on the Aving 
during the greater part of the day, and Iiover above the phtnt 
Avhlle extracting Its* juices, the sternum, r, ,s‘, fig. 18, is still 
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rnriluT (level()|)0(l as <*oinjmn‘(l with tlio IxMly ; it a|>|)r<>ju*ljcs to a 
triangular form, ex|)un(ling j^ostcriorly, 
wlicM'e the mai’gin is entire, and conve^x. 

The d(‘[)th of the keel exceeds tlie entire 
breadth of the sternum. Tin* eoi*iUioid 
depressions are deeply trochlear: the 
niannbrial process is small, and directed 
ii|)>v ard ; tin? costal processes arc also j>re- 
stnt, but of small size: the costal border 
is short. 1)1 these ]>ro-eminently volant* 

V or t<'Aii rates, the lireast-lxme reaches the 
maxijmim of dcvelo])(’ment. 

^ I2t). Sdi'ral Vrrirhra\ In vertebrate 
anatomy the term ‘ sacrum ’ is a])plied to 
the centrum and neural airh of the ver- 
tebra, havijig its Inemal arch (‘omplete, as 
in the thorax, but with its appendage de- 
veloped into a hind-limb (vtd. i., figs. 10 1, 

Hand 1 14). If two or moi*e vertebrio coah‘sce beyoJid tlie tljoi’ax, 
they are likewise said to form ‘ a sacrum/ although but om^ may 
he ty])ically com|)l(‘te, and the rest supf)ort only stunted ])](mra- 
|io|)hyses. In all warm-blooded Vertebrates the sacrum, when 
present, is so characterized, and conHueiicc is carried to an 
extreme in birds, conv<n-ting a huge proportion o(‘ tlie vertebi*al 
column into a ‘ sacrum,’ fig. 21, ,v, a, c, which in the Ostrich may 
include sinentecm or more vertebra*. Thirteen is the average 
nmnbi*r in NaUiforvii, twelve in (Jrnlfdton^'i au|l /iV/.vmr.v, eleven in 
/llfrit'Ais or tin? higher bii'ds of flight.^ 

In analyzing this most complex of all compound bones, in a 
vouno* Ostrich*^, 1 find the centrum of the first sacral vcrlebra 

•'O' 

distinct, although its neural arch and spine have eoah'seed with 
tliosc of the second vertebra and with the ilia, 'fracds of the 
articulation lu*l wecn the centrum of the second and third sacral 
vertebra; remain: they are oliliterated in the remaining vertebra*, 
and the bodies of all are cellular and permeated by air. 

The ])leurapophysis of the first sacral retains its moveahle 
avticulatiou to tlie [>ar- and di-apophyses of its vertebra; it is 
lung, slender, and terminates in a ft*ec point. Idiat of the sctroiul 
sa(*ral vertebra is styliform, half tlie length of tlie preceding, add 
terminates in a free point projecting downward and backward : 
its bead and tubercle, free in the young bird, become confluent 

* Soc the Table in vii*. j). 27.'5. 

“ Nos. IS.-if) ami \S^7, Osteol. Series. Miis. Coll. Cliir, 
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in the full-grown. Tlie third saeral has no plcurapoidiysivS : its 
parapophysis is a stumpy j)ro(*ess ; its diapophysis is longer and 
abuts against the ilium. In the fourth sacral both par- and 
di-apophyses abut against tlic ilium. 

The neural arch of the fifth sacral ^■ertebra has advanced and 
rests over the iniers])ace between its own and the preceding 
centrum: this interlo(‘king relation cojitinues to the eleventh 
vertebra, where the arch resumes its normal position and con- 
nections. The jdeiirapophyses of the fifth to the eleventh sS- 
cral vertebne inclusive have undergone a corresponding change 
of position, and arc synchondrosed by an expanded liead to a 
rough fiat surface formed by the base of the neurapophysis and 
by a portion of their own aiul of the ])reccdlng centrum: their 
distal c^remities expand and coalesce, forming a broad abutment 
applied to the iliac l)ones. The diapophyses are direc'ted ui)ward 
and outward against the same part, and arc of considerable 
length, especially in the ninth to the fifteenth sacral vertebra). 
The dilated part of the neural canal is formed by the increased 
breadth and fiatness of the centrums, and by the wide ex[)anse of 
the neural arches at the middle of the sacrum. In the .seventh 
to the ninth of the.se arches there is a w'ide aperture in each 
betw^cen the diaiHjphysis and the base of the s])ine. The outlets 
for the nerves are single and at the inters] )acc of the neui’al 
arches, but those at the middle of the canal show tAVo grooves for 
the separate exit of the motor and sensory roots. 

"ITie s])lnes of all the vertebric are lofty, and already confluent 
W'ith each other at the middle of the sacrum. They are com- 
pressed from before backward, consist ol' little jnore than a lace- 
work of osseous tis.sue, and diverge in curves from the neural 
arehe.s, through the iiitevsj)ace between tlie iliac bone,s, with botli 
of* which their lat(‘ral margins arc coufiueiit, and which they 
thus seme to hind firmly together. By the ])eculiar celluJai* 
and fmcumatic structure of the parts, m)t more osseous texture 
is expended in jierforining the office of tie-beams across the 
clougated roof of the ])elvis than is ab.solutely recpiired. The 
last seven vertel)r;e are seen hetwoen the narrow'^ ])arts of tlie 
ilia produced hackw^ard beyond the acctabula, until lull-growdh, 
wdien ossification extends from the summits of the spines bridging 
over the interval, leaving only a linear fissure on each side, fig. 24. 
In the Cassovvavv a few pairs of foramina similarly indicate ^thc 
last three or four sacral- vertebne. 

In the Apteryx the first four sacral vertebra) send outwards 
parapojdiyses which abut against the ilia, and progressively 
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iiicreas^e in length and thickness. The hreadth of these vertehrte 
also gradually increases; but it diminishes in the four succeeding 
vertebrie, in which the ])ara])ophyscs arc wanting: then the ninth 
and tenth sacral vertebrie send outward each a ])ajr of strong 
para])o])hyses to. abut against the inner surface of the ossa inno- 
niinata innnediately behind the acetabulum: the anchylosis of the 
l)odies is continued through the four succeeding vertebrie, which 
are (d* a very simple structure, devoid of* transverse or obli(iue 
jli’ocesses, becoming gradually more coih]))*essed and more extended 
vertically , so as to a[)peiir like mere bony lamime; the line of the 
articulation between the bodies of these ])osterior ^saend vo tobrie 
is obvious, l)ut their spines coalesce to form a continuous bony 
ridge, which is closely embraced l)y the posterior extremiti(\s of 
the ilia. The foramina for the nerves are ])ier(*.ed in flu? sides of 
the botlies of the sacral vertebrie; they are double in tlie anterior 
ones, but single in the posterior compressed vertebrie, AvWere they 
are seen close to the posterior margin. 

Th(» sj)ecies of Diaornlit show from 1 7 to 20 sa<*ral vertebne. 
In D, robnstas tlie ])leurapo])hyses (d* the first !•etai.n (heir jiioa c- 
able articulations: those of the second and third are anchylosed, 
Imt pnjject freely beyond the ilia: those of* the foui’th to the 
eighth abut as parap<»})hyses against the ilia, Ihe last, which is op])o- 
site the acetabula, being the thickest : those and the four Following 
sacrals, which have no ])arapoi>hyses, are very sliort : from the thir- 
teenth to th(‘ twentieth sacral the parapophysial buttresses reap- 
l)ear, and the vertebrie increase in length. A continuous bony 
ro(d*of the ])elvis extends from the sacral s])ines to the ilia. AVhen 
vertically and longitudinally bisected, the sacrum shows the great 
ex])anse id* the canal for that ])art (d*the myelon in connection with 
the nerves id* the large and strong hinder extremities. All traces 
of the original joints between Ihe bodies of the vertebrie, with the 
exce[)tion of the last, are obliterated. The primitive di^Minction 
<d’the neural arches is indicated by undulating transverse folds <d* 
the roof (d‘ the spinal canal : the motor and sensitive roots issue 
separately, as in other birds. 

In the Penguins (^Aptfjmd//tes) the sacrum forms the middle 
third (d* the uj)])cr surface of the ])clvis : in Podiceps and Coh/mbtis 
the ilia converge to the sunniiits of the posterior sacral spines : in 
Uria^ Dwmedm, Procellaria^ and the Anatidce they converge Vo 
theantei-ior ones, fig. 22, h. Pairs (d* foramina usually indicate the 
sacral vertebrie, forming a broader posterior sacral roof (ib. c), 
<d’the ])elvis : but in the l^etrels ossification obliterates them. In 
most Grallatorcs the ilia come near to tlie neuros[)inal ridge, il>. /v, 
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of tlie anterior sacral vortcbiie; Avhilst the ])OStcrloj’ ones form a 
broad nndtllc tracvt of that juirt of the j>elvi(.* roof: iisually perforated 
by pairs of foramina, as in the l)ii(?k^ but becoming obliterated 

more or less in Scolojiax^ PHli- 
nopHs^ Psuphia, Srops^ Ihls^ and 
]»erhaps in others witli age. In 
most Gatlmaven^ including tbe 
Doves, the ilia converge to a 
less ])ro port ion of the anteriM* 
sacral s]>ines, and the space at 
tlie middle and posterior j)art 
of the |)elvis formed by the sa- 
crum, lig, 21 , c, is both broad 
and long. In the Pina mas 
fmfsiifcnsis, figured by Kyton, 
this pai't of the roof is almost 
wholly ossified, as it likewise is 
in Orvophdsls fferhinnus, where 
a [>air of ol)lit|ue grooves leml 
forwaj*(ls, deepening, to ‘ ilio- 
neurar canals beneath the an- 
terior sticro- iliac bony roof on 
(*ach side the neuro8j)inal ridge. 
In Ifemipodias, Colamha^ and 
(Joura,\\\Q ]>airs of foramina in 
the sacral part of the |)elvie roof 
are v(‘ry small ; in Crux Mila 
they continue lai’ge to a late 
period. 1'he ilio-neiiral grooves and canals are seen in most 
Gallinrp as in Orrojtlfffsis. 

lu ( (tn tores ^ I ol/tores^ Sea /psorcs, iiml the pvo})ortion 

of the lrtnd-j)art of the jx'hic roof forjiied by a neural exj)anse of 
the sacrum is less than in GffUi/uc: the ilioneural grooves are 
<?omnK)nly wanting. The bony roof is entire in Ncomorphaf 
( entropus^ Psittaeus, ludeo, A(/ntlai and tlie parial foramina are 
very small in Vj/pselns^ ProduinSy Cass tens, Pref/ilus, and most 
(antores: the ileon<Miral grooves are jnesent in I'aracvs pifjas, 
and arc open canals in Cppsirinna and some others. In the 
diurnal Rttptnres the pelvic roof, of which the sacmim (‘ontributes 
a broad medial tra<*t to aliont a third of tlui hinder portion, is 
strongly and very c(nnpletely ossified, fig, 23. Tlie ribs of the 
first two vcrteline retjiin tlieir mf»veable joints : in the third to the 
sixth \eiiebj.e the.y abut as para])ophyses against the lower border 
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of the ilia ; th(3 sevcntli to the tenth vertchrie liave no parapo- 
physes ; the eleventh to the fourteenth have thcnci long and strong, 
thickest in the last. All 
these abiitinents, Avith the 
expansions from the neural 
sj)incs, coalesce Avith the in- 
noininata and convert tlie 
pelvis into one complex 
mass of bone. 

The iliac, ischial, and 
pubic elements are deve- 
loped as distinct bones, but 
s[)eedily coalesce at their 
point of junction around 
the acetabulum and usually 
elsewhere: their inde])en- 
dence is longest maintained 
in the Cursorea,^ Ossifi- 
cation begins in each fnnn 
a single ])oint, even in the 
much elongated ilium (»f 
Stnithio and Dromalus. 

This bone is, in tact, a 
single vertebral element, 
or rather ])art of one ; it is 
homologous Avith the pelvic 
hone, 62 , in figs. 43 and 
101, D (vol. i.), and AvIth 
62 in fig. 28, p. lot), of my 
Avork on the ^ Arcliety])e 
Skeleton’ (cxl. vol. i.), 

Avhere it is shown to com- 
plete the pleura]H)pliysial clement of the ])clA ic haanal arch ; 
the ischium being tlic luema})oi)hysis of the same arch. Tlio 
ilium in Birds, figs, 21 and 22, c/, A, fig. 23, b, fig. 24, />, c, c\ 
is remarkable for its developcraent in the direction of tlio 
axis of the vertebral eoliimn, extending its connections with 
many more segments than its OAAm : it is accordingly long and 
narroAv, thickest midway, fig. 22, /, Avhere it eontrihntes the uppt^' 
Avail of the acetabulum, ib. /, in front of Avhich, it is outw ardly 
concave; behind the acetabulum, ib. y, A, it convex. It differs 
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in the proportions of the pre-acetahular and post-acetabular exten- 
sions, and in the ^egrec of divergence of the latter from the sacrum. 
The longest and narrowest ilia are seen in certain Natatores {Fo- 
diceps, CohjmhuSy lig. 34, Uria) and in Cynr sores {Struthio^ 

fig, 24, h, c', Dromaius) : the shortest and broadest ilia are seen 
in certain VoUtores^ Scansoresy and hisessoi^es. In the Grebe and 
Loon the i^ia unite with the summits of the sacral spines behind 
the acetabula, and diverge for a broader Interposed neural expan- 
sion anteriorly ; in most birds the divergence is shown at the po&t- 
acetabular portions, as in fig. 22, //, the prc-acetabular plates 

dy d, converging to the summits of the sacral spines, ib. b. A few 
birds {Fodar^us, Tachypetes) retain the extent of sacral interpo- 
sition which obtains at an early stage of pelvic developcmcnt in all 
birds. ‘ the old Apteryx the ilia almost meet along the summit 
of the sacral ridge to within a short distance of their hind end, 
where a^ epiphysial piece of bone is sometimes found wedged 
between this end and the anterior caudal vertebrie. The anterior 
border of the ilium is usually more or less convex : in Finamus, 
Craxy OnocrotaluSy it is almost straight : in Geococcyxy Corythaixy 
Scolephayusy it is emarginatc or concave, the external angle being 
produced outward: in Limosa it is angular; the point being 
formed by the commencement of the ^gluteal ridge:’ this, which 
is well-marked in most birds, describes a curve, concave dowm- 
ward, and terminates above or behind the acetabulum, as at f, 
fig. 22, marking off the post-acetabular convex part of the ilium, 
ffy h. This i)art is the longest in Grebes, Loons, fig. 34, rf, and 
the Ostrich, fig. 24, c ' : it is tlie shorter division in Petrels, Gulls, 
Cranes, and most ^smaller GrallatoreSy in the Apteryx^ in most 
Insessores, and especially in diurnal RaptoreSy fig. 23, ffyi: in 
many birds it forms half the length of the ilium. In some birds 
( CursoresJ it is narrower than the fore i)art of the ilium ; in 
others, especially Geucoccyxy it is broader : in most the breadth is 
about equal, although the ilium may seem broadest behind from 
its coalescence with the horizontal expansions from the sacral 
spines. The upper Is divided from the outer surface of the post- 
acetabular part of the ilium by a prominent ridge in most birds, 
fig- 22, ffy Avliich generally overhangs the outer surface ; in 
Geococcyx to a remarkable extent, like a wide pent-house, pro- 
diicing a deep concavity in the outer and back part of the ilium 
where it coalesces with the ischium, Tliis coalescence, converting 
the ischiadic notch into a foramen, fig. 22, ^5^%, 23, h, is common 
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to most birds. It does not take place in Apteryxy Dinornisy 
Struthioy fig. 24c y The ilium forms an angulau projection above 

tlie posterior ischial junction in the Albatross, Skimmer, Duck, 
fig. 22, Hy Ibis, Spoon-bill, Woodcock, Pigeon, most Volltores 
and Irtscssorcs. The judncipal pneumatic foramen of the ilium 
is on the outer and under part of the post-ace tabular division. 
The ilium dcvelopcs an oblong articular surface on the pro- 
minence extending from the u])per an^ back part of the aceta- 
bulum. 

The ischium, fig. 24, 63, fig. 22, 7i, m, fig. 23, c, is a long, nar- 
row, flattened bone ;• thickest where it forms the back ])art of the 
acetabulum, becoming thinner and broader as it extends back- 
ward, with the hnver border turned slightly out’ivard; generally 
placed parallel Avith its felloAV, but diverging in the O^ich ; of 
nearly uniform breadth in this Avingless bird, fig. 24, and in 
the Apteryx, but usually expanding to its hinder end, and 
there coalescing Avith the ilium. Just beyond the acetabular 
j)art the ischium contracts, presenting a smooth and thick upper 
border to the ischiadic notch or foramen, fig. 22, /, fig. 23, A, and 
a similar lower border to the foramen or notch, ib. o, fig. 24, I, 
Avhich transmits the tendon of the obturator internus muscle ; it 
then becomes lamcllifbrm, with thin margins, usually increasing 
in depth, and often bent doAAUi at its termination to join the 
pubis, and circumscribe, as in fig. 24, the obturator foramen, o. 
In the Ostrich, the ischium does not join the ilium iiostcriorly, 
and the ischiadic notch remains open ; its coalescence AAdtli the 
ilium, beyond the ischiadic foramen, is usualjy extensive, as in 
figs. 22 and 23. 

The most singular modification of the ischia is seen in the 
Rhetty in Avhich tlicy meet beloAv the sacrum and coalesce Avith 
each other for some extent, almost obliterating here the bodies of 
the sacral vertebraj. * 

14ie pubic bones, fig. 21, p, fig. 24, 64, present an analogous 
exceptional condition in another member of the Car sores, viz. 
the Ostrich, in Avliich they unite together at their hind ends, 
forming a ^ symphysis,’ which is curved dowuAA^ard and forAA^ard, 
fig. 24, h ; in Gyps fulvas the same ends curve toAvard and 
almost toucli each other. In other birds the pubic bones are 
directed baclcAvard, wdth usually a curve convex outAvard, anfl 
terminate freely, or arc united to tlic ischium above, as in 
^ 34, by the pelvis being thus an open .one, as a rule, in 

Birds. The pnhis forms the lower and front portion of tlic 
acctabiiliiin, beyond Avhich it cjuickly contracts, exchanging its 

D 2 
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trihedral for a subcompressed form, and is more slender than 
the ischium. The shortest pubis is seen in certain Eagles, 
in which it terminates after forming the lower boundary of the 
obturator foramen; its extremity there projecting freely, as in 
fig. 23, fZ, or being joined by ligament to the ischium, as in the 
Harpy Eagle, in Avhich it is ah inch in length, ivhilst the ilium is 
< six inches long. The opposite ex- 

treme may be seen in the Guillemots 
and Grebes ; and in the latter tile 
pubic styles diverge from the aceta- 
bula Avith a slight outAvard bend, the 
interspace of their extremities being 
twice the breadth of the fore part of 
the pehds: they are usually longer 
than the ischia, figs. 24 and 34 ; but 
in the Apteryx they equal that bone 
in length, and in the Emeu they are 
shorter. The pubis coalesces Avitli the 
ilium and ischium at the acetabulum ; 
usually again Avitli the ischium, as at 
fig. 22, to close the tendinal fora- 
men, and, in some birds, a third time 
AAuth the end of the ischium, as in 
fig. 24, to circumscribe the obtura- 
tor vacuity, o. In Doves, the pubis 
after uniting Avith the ischium to close 
the tendinal foramen, extends back- 
Avard parallel AAnth and close to its lower 
margin, sometimes contracting a bony 
union thcrcAvith and obliterating the 
‘obturator’ interspace. The pubic 
bones as they extend backAvard in the 
Apteryx arc nearly parallel; in the 
Emeu, Neomorj)ha, Cassicus, Podiceps, they diverge. In most 
birds the fore part of the acetabular portion of the pubis forms 
a ridge or tuberosity, figs. 24, ni, and 22, q\ in some it is 
produced to a greater extent {^Geococcyx, Corythaix, Tinamus, 
Oreophasis\ 

In accordance Avith the above-stated differences in the form and 
proportions of sacrum, ilium, ischium, and pubis, the pelvis of the 
Bird varies in its general form and proportions. From that of all 
cold-blooded Vertebrp.tcs it difiers in the greater number of ver- 
tebi’al segments entering into its composition, and in their bony 
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confluence; from that of Mammals by being unclosed^ and by the 
'widely perforate acetabulum, fig. 22, L 

The large size and brittle shell of the egg are the teleological 
conditions of the open pelvis, and the transference of the Aveight 
of a horizontal trunk upon a single pair of legs necessitates an 
extensive grasp of its segments. When the legs require to be 
j)ullcd far and strongly back, a« in diving and cursoriul motions, 
the origins of the requisite muscles arq^ extended far behind the 
liRibs’ centre of motion, as in the pelvis of the Grebes, Loons, 
Guillemots, Ostriches, Emeus; when thfi bird slowly stalks, or 
liops, or climbs, or uses the legs chiefly in grasping and perching, 
the i)clvis is short and broad, especially behind, and its breadth 
may exceed its length (^Ci/(darius tfuaneiiais). 

The caudal vertcbrie are few, short, not produced info a con- 
spi(;uous appendage, the* so-called ^ tail ’ of birds being due to the 
feathers attached to the terminal vcrtcbrie ; these, in •birds of 
flight, coalesce to the number of two or more, and form a com- 
pressed vertically extended bone, like a plough-share,^ fig. 23, 
presenting a concave surface to the atileccdent centrum ; rising 
above as a sharp crest, anteriorly ])erforated by the termination of' 
the neural canal ; ex])anding behuv and there perforated by the 
liiemal canal \vhi(!h terminates by one inferior and two lateral ori- 
fices. This compound bone, ‘ os en soc de charrue,’ supports the 
coccygeal oil-glands, and gives attachment to the ^rectrices’ or 
rudder-quill-feathers, Avhich are disposed fan-Avisc. In the ^Vood- 
])eckcrs the hremal part extends far in adA^ance of the articular 
surface of the centrum, and exj)ands into a broad siibquadrate 
|)hite concave beloAA' ; the neural part forms as large a vertical 
plate ; this relates to the use of the stiff tail-feathers in climbing. 
The horizontal dcvelopemcnt prevails in the Peacock. Reckoning 
the terminal bone as one, the common number of caudal vertebne 
is nine. The anterior ones haA^e a crtically extended transverse 
processes including di- ])ar- and plcur-apojdiysial elements; the 
neural arch has prczygaj) 0 ]jhyscs, very small ])ostzygapophyses, 
and a short and thick neural spine. In the third or fourth ver- 
tebne caudal lucma|)opliyscs appear, increase in length, and in 
the fifth or sixth inclose a hiemal canal. The transverse pro- 
cesses in many birds increase in length to the antepenultimate ; 
in a fcAv (////.v, Uria) tlicy gradually shorten to the last ; the 
cau(}al centrums are joined by ligament and arc proemlian. In 
the Toucan the joint between the sixth and seventh vertebra) 
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has a capsule and synovial fluid, and the neural spine is shortest 
in the sixth, where the tail has the greatest extent of motion ver- 
tically, the transverse bend being checked by the size and length 
of the transverse processes. The neural spines can be brought 
by dorsal inflection into contact with the sacrum ; and in this mo- 
tion the side-muscles, which at first tend rather to oppose the 
elevators, become, as the motion proceeds, themselves elevators, 
and complete it by a jerk ; tliis throwing up the tail upon the 
back, as if operated on by a spring, is a conspicuous characteristic 
of the living bird.’ In* most birds of flight the caudal series arc 
habitually cur^ ed upward, as in fig. 23 ; in the few birds that can- 
not fly the tail is straight, and the terminal centrum is not ex- 
panded. In the Apteryx there are nine caudal vertcbric, which arc 
deeper, "Slid j)roject farther below tlie [)osterior portions of the iliac 
bones than in the other birds : as they recede, they increase in 
lateral and diminish in vertical extent ; the spinal canal is conti- 
nued through the first five, and tliey arc all moveable npi)n eacli 
other, excepting the last two, homologous with the expanded ter- 
minal mass in other birds, but wdiich here exceeds the rest only in 
its greater lengtli, and gradually diminishes to an obtuse point. 
In the Ostrich the corresponding vertebra is cx])aiided for the 
support of the caudal ])luincs, but in the Ajjteryx it offers the 
same inconspicuous devcloperacnt as in the Rhea and Emeu. In 
the ‘ rumplcss ’ breed of domestic fowl the coccyx is reduced to 
a single stumpy bone. In some brevipennate sea-birds I have 
found as many as eleven free caudal vcrtebra3 ; only in the extinct 
Archeopteryx of u[)per oolitic period wns the tail a conspicuous 
a])pcndage to the trunk, fonned by about tw^enty elongate v(?r- 
tcbra3, each of which supported a pair of small and slender quill- 
feathers. 

The terminal vertebra?, ungrasped by the pelvis in the embryo 
bird, mUy equal in number those of the ancient feathered fossil ; 
and if such vertebra? participated in the ratio of groAvth of other 
parts of the skeleton, ^vithout subsequent stunting and con- 
fluence, they would more or less repeat the strange and unique 
feature in the skeleton of Archeopteryx ; but the metamorphosis 
of the tail winch has taken place in the bird’s skeleton in the 
transition fn)m the mcsozoic to the neozoic life-periods of the 
filass, is analogous to that from the j)rotoccrcal to the homocercal 
type of tail, w hich marks the progress in fishes from the pjliheo- 
zoic to the mcsozoic periods,*^ 
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§ 127, Cervical Vertehrce , — As the prehensile functions of the 
hand are transferred to the bealc, so those of the arm are per- 
formal by the neck of the bird ; this portion of the spine is 
therefore composed of numerous, elongated, and freely moveable 
vertebra), and is never so short or so rigid but that it can be 
made to apply the beak to the coccygeal oil-gland, and to every 
part of the body for the j)urpose of oiling and cleansing the 
plumage. In birds that seek their fopii in water it is in general 
Amarkably elongated, whether they support themselves on the 
surface by means of short and strong niatatory feet, as in the 
Swan, or wade into rivers and marshes on eleva-<ed stilts, as in 
the Flamingo, fig, 14, 

The articular surfaces of the bodies of the cervical vertebrie, 
like those of the dorsal series, arc concave in one (lir(?Rtion and 
convex in the other, so as to lock into eacli other, and in such a 
inamior that the superior vertebrie move more freely fomvard, the 
middle ones backward, Avhile the infeidor ones again bend forward ; 
producing the ordinary sigmoid curve observable in the neck of 
the bird. 

This mechanism is most readily seen in the long-necked waders 
which live on fisli and seize their prey by darting the bill Avith 
sudden velocity into the water. In the common Heron, for 
example {Ardea ciuerea^y the head can be bent forward on the 
atlas or first vertebra, the first upon the second in the same direc- 
tion, and so on to the sixth, between Avhich and the fifth the for- 
Avard inflection is the greatest; while in the opposite direction 
these vertebras can only be brought into a straight line. From 
the sixth cervical vertebra to the thirlcenlh tlic neck can only be 
bent backward ; Avhile in the opposite direction it is also arrested 
at a straight line; from the fourteenth to the eighteenth the 
articular surfaces again allow of the forAvard inflection, but also 
limit the opposite motion to the straight line. * 

An inter-articular cartilage is inclosed betAvceii reduplications 
of the synovial membrane in most of the joints between the 
bodies of the cervicals, as in the joint of 'the loAver jaw in mam- 
malia. The zygapophysial articulations are sim])ly synovial. The 
par- and di- apophyses are at the fore part of the vertebra?, and, 
usually at the third cervical, coalesce with a sty li form j)leiirapo- 
physis projecting backward. The vertebrarterial canal, thUs 
formed, is large, and gives passage to both the vertebral artery 
and the sympathetic nerve. . 

The inferior processes from the cervical centrums are of tAvo 
kinds; one single, developed from the mid-line, usually toward 
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the l)ack part, nml answering to tlic ^ Ijypapophysis’ in lizards ; 
the other parial, developed from the under part of the Yertel)rar- 
terial canal, answering to ])arap{)phy.scs, bent or directed down- 
ward, after coalescing with the plctirapojdiysis. In a Vulture 
{Gi/ps fulfms), the latter Inferior processes begin at the sixth cer- 
vical, and arc continued to the thirteenth ; the hypapophysis 
begins at die second, and is contiimcd to the fifth, where it is 
reduced to a low ridge. In the Guillemot the hypapophysis 
exists as a ridge or process in all the cervicals. In the Aptery5c 
the single hypa]) 0 |)hysw for the attachment of the longus colli 
anticus is present in the lust three verteliraj, as in the contiguous 
dorsals. The para|)o])hysial arch for the protection of the carotid 
arteries Is most com})lete in the twelfth cervical, but the two sides 
ol‘ the art^i are not auchylosed together ; the iuters])acc progres- 
sively increases in the eleventh, tenth, and ninth vertebrai, and 
the groove widens and is lost at the fifth vertebra. In many 
birds the })ara})ophyses after forming the sides of a wide canal in 
the middle cervicals, converge and unite to 
inclose a hannal canal, as in the lower cervical 
vertebra of the Pelican, fig. 25, 

The neural arch in most of the cervicals 
dev(;lopes, in addition to the spine, ib. 
i«yga]a)physes, ib. and diapojihyses ib. t, 
also anajiophyses, or tubercles, above the pos- 
terior zygapojihysos. '^riic arch is, in some 
vertebra, strengthened liy bony jilatcs, one 
^of which may he sj)cclfied as ‘ interzygapo- 
])hysial,’ and this may he ])erfi>rated vertically, as in the second, 
third, and fourth cervicals of the Ilornhill (Ih/cfrros), and in 
the third and fourth cervicals of the Vulture, and many other 
birds ; the neural arch tiuis becomes remarkable for its breadth, 
and the ^square or quadrate platform of lioiie from which the 
small and sliort neural spine rises. In one or more succeeding 
vertebvie the iiicoinplcte Gnterzygapophysiar bar projc^cts back- 
Avard as a process or tubercle from the pi*czyga])oj)hysis. The 
]>rczygapophyscs look upward and inward; the postzyga]:)0])hyses 
downward and (iiitw^ard; the neural s[)iiie Ls feebly developed, 
if at all, in the middle of the cervical region ; it is most con- 
spicuous iu the second to the fifth, and again in the last two or 
three cervicals. In the Apteryx it is thick and strong in 'the 
second, but jirogrcjisively diminishes to the seventh, cervical, 
where it is reduced to a mere tubercle; from the eleventh it 
progressively increases to the last cervical, in which it presents 
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the strong quadrate figure which characterizes the same process 
in the dorsal vertebrae. The neural canal, ib. w, varies in form 
and diameter in the same vertebne. If, e.g., the sixth cervical 
of a Stork be sawed lengthwise vertically, the diameter is great- 
est in the middle, least at the ends ; but if it be salved length- 
wise horizontally, the transverse diameter is the reverse, being 
narrowest at the centre and widest at the cnd.s. In the Ostrich, 
the Swan, and many other birds, the ciyjal widens in every dircc- 
tft>n at its extremities ; and on the d<^j*sal or posterior asi)ect of 
the S|)ine, the canal remains oi)cn for soiiK) extent in the intervals 
of the vertebras, the myelon being there protected only by mem- 
brane and the elastic ligaments which connect tlie neural spines 
together. This modificiation subserves the prevention of compres- 
sion of the myelon during the frequent, varied, and tixteiisivc 
hiflections of tlie neck in birds. 

The atlas and axis speedily clfoet a partial coalescence; the 
body of the first, e.g., as an ‘odontoid process’ to that of the 
second, and usually presenting a pair of smidl facets to articulate 
with its own ncura])o])hyses, which are mainly supported l)y the 
‘ hypapophysis ’ simulating the entire centrum of tlic atlas. The 
back part of the liy])apopliysis otters a flat surface to tbe centnim 
ol* the axis, beueatlv wbich it is sliglitly ])roduccd, being liere 
wedged into a notch between the true bodies of the atlas and 
axis. The fore part of tlie hypapophysis combines with the neiira- 
pophyscs to form the major part of the cup for the condyle of the 
occi})ut, which is comj)letcd by the ‘ odontoid.’ The atlantal 
ncurapophyses usually diverge as they rise, ayd are joined toge- 
ther above by a broad plate slightly arching across from one to 
the other; in some {Aptenodytea^ Dinornis) they do not meet: 
rarely is a neural spine developed. The centrum of the axis is 
sometimes carinate below with a slight posterior j)roductioii (Alca 
impennis), sometimes produced into a hy])apophysis, as* long as 
the neural spine above (^Aptmodptrs, most Ilfrptorcs,) Postzyga- 
l>ophyses of the atlas articulate Avitli tlic prezygapophyses of the 
axis. In a Ilorubill (Biiceros) I have seen complete coalescence 
of the atlas and axis, 

§ 128. The SliuU. — The neural and Inemal jdates of the embryo- 
nic trace become modified in the head of the chick by the early ex- 
pansion of the cerebral part of tbe neural axis, and by the almo!^t 
con+emporary appearance of the capsules of the organ of hearing, 
which are speedily followed by the rudimejits of the eyeballs. 
The nciii’al plates are dilated by the primitive vesicles of the 
cp- mes- and pros-eiicophalon, the latter speedily showing its 
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greater size and bending down. The notochord extends into the 
hind part of the feiture basis cranii, its gelatinous axis terminating 
at the bend; but the blasteinal capsule — the true seat of the 
histological changes resulting in vertebral structure — is continued 
forward, expanding, dividing below the part of the vertical cere- 
bral canal called ^ infiindilmlum,’ and again uniting anteriorly to 
form a vertical plate extending between the eye-capsnles and be- 
coming lost in the deflected fore part of the cephalic blastema. At 
this stage neural segments arc not shown. The luemal ones api)e^r 
as the so-called ^ ^•iscera^arches’ of the head. Tlie foremost is in- 
complete belong at the ‘blastemic’ stage, and is represented by a 
])air of ol)tuse lobes or buds beneath the eyes ; the next is larger 
and becomes closed below ; a third, a fourth, and a feeble indi- 
cation of^i fifth, correspond with the primitive vascidar arches, 
and are more truly ‘ visceral ’ than ^ vertebral.’ Of the latter 
significance is that which descends on each side the heart itself, 
and is soon indicated by the buds of the appendages wdiich become 
articulated with such ^ scapular’ arch. 

The cartilage formed round the fore part of the notochord, 
extends neurad, and attains great thickness at the sides of tlie 
cranium in connection witli that of the acoustic capsules ; it 
becomes thinner as it rises, and the primitive tissue closes the ex- 
panded cranial cavity. The cartilage behind the ear-capsule is of 
the hindmost ncurapophysis : that in front of the capsule is of the 
next; that which is formed at the optic foramen is the tliird in 
advance : these latter neurapopliysial cartilages are formed in the 
l)lastemal walls of tjie cranium distinct from the notochordal car- 
tilage. This, advancing along the base of tlie skull, follows the 
disposition of the extensions of the notochordal capside, and 
bifurcates into the so-called ‘trabecuhe’ (vol. i. figs. 58-60, 5, 6), 
which again unite to form the basis of the neural arch and apex 
of the htflmal arch of the foremost segment of the skull ; it becomes 
coinj)ressed between tlie eyes, and expands in advance of them, 
tlm end of the luemal closing uj) to that of the neural arch in a 
way which reminds one of the modification of the vertebral axis at 
the opposite end of the column. Here, however, the nature of 
the Bird overrides that of the Vertebrate, and every subsequent 
stc]) in cranial developcmcnt relates to adaptive conditions of ver- 
tebral elements and appendages. Distinct cartilages in the buds 
or piers of the foremost hajinal arch form the basis of the palato- 
maxillary bones. The palatine cartilage arches out>vard and 
backward, like that marked 24 in fig. 60, vol. i., and in it is 
develojied the pterygoid. The cartilage in the second arch forms 
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the basis of the tympaniii and mandible ; that of the third arch 
forms the stylo-hyal, rarely ossified in birds, and in connection 
with it is developed the ^stapes/ The product of the fourth is 
liomologous witli a brancliial arch in the fish; but further evi- 
dence of such conformity with the segmental structure of the 
trunk-skeleton as is discernible in the much modified anterior 
termination of the body is given by the ossific centres established 
in the primordial cartilages ; and by the sj)ecial homologies, de- 
ferminable j)rior to confluence, of the bones developed therefrom, 
with the skull-bones of the lower cold-bteoded Vertebrates, which 
retain their distinctness and depart less from 'the archetypal 
arrangement. 

Although, as a general rule in the class Aves, the separate 
cranial bones can be discerned only at an early permd, yet in 
those birds in which the power of flight is a))r()gatcd, the indica- 
tions of the primitive centres of ossification endure lojager; and 
in the species here selected for the illustration of the cranial 
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segments, the constituent bones of the skull, with the exception 
of the basioccipital, i, the basi-pre-sphcnold, 5, 9 , and the bones 
2 , 6, and 8, which coalesce with the jietrosal, id, have been sepa- 
rated by maceration merely in the half-grown bird. 

The basioccipital, figs. 26, and 27, 1 , developes the major pfirt 
of •the single articular condyle, and sends down a process, more 
marked in the Struthious genera, and especially in Aptoniis^ than 
ni most other birds; in all respects this primitively distinct bone 
retains the character of the centrum of its vertebra. 
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The exoccipitals, figs. 26 and 27, 2, contributing somewhat 
more to the occipital condyle than in the Crocodile, dcvelope, as 
in that rei)tile, the paroccipital, figs. 27 and 28, 4, as an out- 
standing exogenous ridge or process ; but it is lower in i)Osition 
than in tlic Crocodile (vol. i. p. 135, fig. 93). The supcroccipital, 

figs. 26, 27, 28,3, as compared Avith 
that of the Crocodile, ib., mani- 
fests more strongly the flattening 
and developement in breadth, bj*^ 
Avhich the sjyinous elements lose 
the formal character from Avhicli 
their name originated, and are 
converted from hmg iTito flat 
bones. It ahvays protects the 
cerebellum; is al)sent inthc Frog, 
Avhere this organ is a mere rudi- 
ment ; and is present in the Cro- 
codile in the ratio of the superior 
size of the cerebellum. The fur- 
ther developement of tlic cere- 
bellum is the condition of the 
superior breadth of the s))ine or 
croAvn of the epcncephalic arch, 
fig. 26, N I, in the Bird. 

Of the three bones above de- 
fined, 2 is developed in the back 
])ai*t of the cartilage inclosing the 
ear-capsule, and all bear the same 
relation thereto, in the primordial 
cranium, as Nos, i, 2, 3, 4, in 
Ckelonia (j). 131, fig. 92), and 
as Nos. 1 , 2, 3, in the Crocodile 
(p. 135, fig. 93). No. 2 , in the Bird, as in the Crocodile, in- 
cludes, connatcly develoi)ed thercAvith, the bone 4, in the Einys. 
A basal Anew of the epenccphalic arch is given in the young 
Ostricli, fig. 27, showing tlic proportions in Avhlch the centrum, 
\x, tlie nciirapo})liyses 2, 2, and the neural spine, 3, enter into the 
formation of the neural canal or ^foramen magnum,’ i. The 
coftnate element, 4, stands out, like 4 in figs. 81 and 92, as the 
transverse process of the neural arch. 

The second segmeait of the skull has for its central element 
a bone, figs. 26, 27, 5 (basisphenoid), ossified, like some trunk- 
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centrums, from three points,' and in the Bird, as In other Ovipara, 
becoming confluent with that, 9, whicli stands in the same relation 
to the third cranial segment ; the pit for the j)ituitary body marks 
the boundary ; but the essential distinction of these centrums is 
given by the neural and luemal arches. The neural arch of the 
])arietal vertebra retains the same characters wliich it first mani- 
fested in Fishes. Besides the neurajiophyses, 6 (alisplicnoids), 
impressed by the mesencephalic ganglia jjjid transmitting the chief 
jtart of the trigeminal nerves, besides the vastly expanded and 
again, as in Fishes, divided neural spine, 7 (parietal bones), the 
parapojdiysis, 8 (mastoid) is originally distinct. It has a similar 
proportional size to that in the Crocodile (vol. i. figs. 93, 95, 8); 
l)iit owing to the raised dome of the neural arcJi, is relatively 
lower in position; it extends apophysially downward amroutward, 
is ossified with the i)etrosal, and forms a large ])roportion of the 
outer wall of the otocraiie. (hving to the breadth ami ishortness 
of the bird’s brain, and the displacement of tlie optic lolies, the 
neurapophyscs of the mesencephalon, 6, converge toward each 
other anteriorly, and sup[)ort jiart of the neural spine of the 
jirosencephalon, n, as Avell as their own, 7. On comparing a side 
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view of the cranium of the Bird, fig. 28, with that of the Tortoise 
(vol. i. fig, 91), and Crocodile (fig. 95), the greater dcvelopement 
of the epcncephalon brings its neural arch, 2 , 3, into view, which is 
obscured by the growth of the apophysial part of 8, in the cold- 
blooded Ovipara: but the connections of 8 with 2 behind, wither 
abave, and with the ear-capsule within, are the same ; the latter, 
however, being ossified in the Bird, but retaining its gristlv state 
in the Tortoise. . . 


^ cccxxx. and XX II I. 
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The liaBmal arch of the parietal vertebra, fig. 26 , 40 , 43 , is 
more reduced than in the Crocodile, and oAves much of its appa- 
rently fypical character to the retention of the thyrohyals, 46, 47, 
borrowed from a branchial arch of the visceral system, whicli 
arches are transitorily manifested in the embryo bird. These 
spurious cornua project freely or are freely suspended. 

The bones, lo (orl)itosphcnoids), of the third neural arch coa- 
lesce Avith each other, and Avith the centrum beloAA^, protect a 
smaller proportion of the prosencephalon than in the Crocodil(!; 
but maintain tlieir neiirapo])hysial relation to it and to the 
optic nerves, bdoAv the exit oi* Avhich tlioy begin to ossify. The 
neural spines, ii (frontal), cover a larger proportion of the 
hemis})heres, and, Avith their homotypes, 7 , exliil)it a marked 
increase <tf devclo])emcnt in conformity Avith that of the cerebral 
centres protected by their respective arches. The parapophysis 
of the fEontal vertebra, I2 (postfrontal), is relatively smaller 
in the Bird than in the cold-blooded Vertebrates, and is rarely 
ossified from an independent centre, as it is in the Emeu. The 
Inemal arch of the frontal vertebra, receding from its typical posi- 
tion as the Hcsmatocrya advanced in time and in developcment, is 
now wholly transferred to the parietal one; its plcurapopliysis (as, 
the * tympanic ’), which is simple, as in tlie Crocodile, articulates 
with the parietal parapophysis, 8 (mastoid), though this in some 
Birds unites with that of the frontal vertebia, 12. Tlie l)one, 28, 
is the chief and most direct osseous dcvclopement from the proxi- 
mal portion of the cartilage of the tympano-mandibular visceral 
arch : the special appendages of the acoustic organ are developed, 
as in the Lizards and Snakes (vol. i, fig. 444 , n, c), in connection 
with, but not in or from that cartilage. In the young Ostrich 
and many other birds traces of the composite character of the 
Iiicmapopliysis (mandibiila) are long extant; and bear obviously 
a homol 6 gical relation to the teleologically compound character 
of the same element in the Crocodile: the pieces. Nos. 29, 20', so' 
and 31, first coalesce with each other, and then with the luemal 
spine (s2, ^ dentary element’), the halves of which arc confluent 
at the symphysis. 

The centrum, (13, ^ vomer’) of the nasal vertebra is single, and 
usually coalesces Avith the ncurapophyses (prefrontals), 14 , and 
})kiurapophyses (palatines), 20, of its own segment, and with the 
rostral production of the frontal centrum, 9 : it is elongated and 
pointed at its free termination, and deeply grooved al)ove Avhere it 
receives the above-named rostrum; indicating both by its form 
and position that it owes its existence, as bone, to the ossification 
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of the under and outer part of the anterior production of the 
notochordal capsule. In the young Ostrich the prcsplienoidal 
rostrum intervenes between the vomer, 13 , and prcfrontals, 14 . 
These latter bones manifest the essential ncurapophysial rela- 
tions to the rhinencephalon and olfjictory nerves : but they early 
coalesce together and with the rhinal capsules, as in the tail- 
less Batrachians. The anterior contraction of tlie crajiial cavity, 
Avliich affects the orbito-sidicnoids, inili^necs still more the ])rc- 
fiontals, and, in connection Avith the large relative size of the cyc- 
cap^sules, becomes the condition of the extreme modification of the 
neiirapophyses of tlic foremost cranial vertebra. The neural spine 
(nasals), 15 , is divided along the middle line; but in most Birds 
the suture becomes obliterated and the spine coalesces with its 
neurapo})hyses, Avith the frontal spine, and with those parts of the 
htemal arch of the nasal vertebra Avith Avhich it comes in contacjt. 

The pleiirapophyses (palatines), 20, of this inverted arch retain 
their typical connections Avith the nasal centrum and neurapophy- 
ses at one end, and Avith the hneimipophysis (maxillary), 21, at the 
other end, and they also suj)port the constant element of the di- 
verging appendage of the arch (pterygoid), 24, The hannapophy- 
sis (maxillary), 21, resumes in birds more of its normal pro])ortions 
and elongated slender form, as such : but the Inumal spine (premaxil- 
lary), 22, is largely developed though undivided, and sends upAvard 
and bacikAvard from the part corresponding to the symphysis of 
the spine, a long pointed jn’oeess, 22', Avhich joins and iiKSually 
coalesces Avith the neural spine, 15 , and divides the anterior outlet 
of the luernal canal into two apertures called^ the nostrils. The 
modification of the hannal arch of the nasal verteln'a in the Lizard 
tribe is here repeated. The plcurapoph ysial appendage (])terygoid), 
2^, connects the palato-maxillary arch Avith the tym])auic, and in 
the Ostrich and some other birds, also with the basisjdienoid, 5, 
and fig. 27 ,/: the second or hiemapophysial ray of the diverging 
appendage (malar and squamosal) is developed in all Birds, as in 
the scpiamate Saurians, combining the movements of the hiemal 
arch of the nasal vertebra with that of the frontal vertebra, and 
consisting of the tAvo styliform ossicles (malar, 2 (;, and squamosal, 
27), which extend from the hamiapophysis, fig. 28 , 21, 21", to the 
ideurapophysis, 28 : the essential relationship of the compound 
ray, 26 and 27, with the nasal vertebra, is indicated by theft* 
becoming confluent Avith its luemapophysis, at 21'', Avhilst they 
maintain a,n arthrodial articulation Avith the pleurapo[)hysis, 28 , of 
the succeeding vertebra. 

The bones of the splauchno-skelcton intercalated Avith the 
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segments of the endoskelcton in the bird’s skull are the petrosal, 
16, between the neural arches of the occipital and parietal verte- 
brae, connate or co-ossifying with the elements of those verteline 
with which it comes in contact; the sclerotals, 17, interposed be- 
tween the frontal and nasal neural an^hes ; and the thyrohyals, 
47, retained in connection with the debris of the hiemal arch of the 
parietal vertebra. The olfactory capsule may be represented by 
ethmoturl)inal and turbinal processes in the skull; but chiefly 
remains cartilaginous. The dermal bone (lacrymal), 7a, is wg»11 
developed and constants one or more superorbital dermal bones 
arc occasionally present. 

As the characters of the occipital segment of tlie bird’s cranium 
are so obviously those of the vertebral neural arch as to compel 
acceptancTe ol* the interpretation of its elements according to the 
terms of general homology, there is a priori ])robal)ility iji the 
segmental ty[)C being continued to tlie front end, as it is to the 
hind end, of the vertebral axis, notwithstanding the modifying 
influences of the large intercalated sense-capsules, and of the 
special uses to which certain of the lower bony arches arc des- 
tined ill tlie head. Dev elopement, obedient to these demands, 
gives such evidence as it can in favour of the presum])tion, whihj 
relative jiosition and connections afl'ord the proof. In the foi'c- 
going description I have, therefore, exphnined the chief constitu- 
tion of the bird’s skull in the terms of general homology, and I 
jirocccd to ])oint out some of its principal modifications in those ol‘ 
special homology. 

The occijiital cpndyle is single in Birds, varying from the 
hemisphoroid to the transversely elliptic form, with sometimes a 
median notch or pit, and in the extent to which it projects; being 
pedunculate in Dinoruis,^ but sessile as a rule. The foramen 
magnum varies from a subcircular to a full transverse ellipse, 
and to ft, vertically oval {Dinornis gi(/(mteus^ form, Avith lateral 
encroachments as in Aptornis^ and J)idas\^ its jvhinc may be 
vertical (ib.), but as a rule is oblique from above downward and 
forward, thus departing further from tlui reptilian character. 
The basioccipital In ilic extinct Aptornis sends down, as in the 
Crocodile, a deep plate beloAv the condyle : it descends in a less 
degree in Diuornis^ in both swelling out laterally into a pair of 
ttiberosities, completed by ossifications in the basisphenoid carti- 
lage Avhich afterwards coalesce.* As a rule the condyle is on a 
level AAith the basis, cranii. The paroccipitals in the low flat cra- 


* XVI*. vol. ;v. [»1. 24, 2. 

* lb vol. iii. rl. 52, fig. 4. 


® II). vol. iii. p. .?50. 
^ lb. fig. 1, 5'. 
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Ilium of retain mucli of their crocodilian position, but 

tliey hold a lower one in the loftiei* domed crania of other birds : 
they vary in the devclopeinent of their apopliysial part, standing 
further out, e.g., in Rhea and Strut hio, tlian in Dromaius, The 
occipital region IvS bounded above by tlic arched ridge fonned by 
the insertion of the muscles lonfius colli postiem and compkxiis, 
in large and powerful birds ; and is bisected, as, e.g., in* the Eagle, 
by a median-vertical ridge dividing the irans verse one into a pair 
o^ arches : in Dinoruis a prominence between the insertions of 
the lonpus colli posticus and complexus stibdivides the transverse 
ridge into four arches ; and, here, a lower trafisverse ridge, 
bounding the insertions of tlie recti cap, postici and trachclo- 
viastoidei, overarches the foramen magnum.' In smaller and less 
robust birds a cerebellar prominence marks the middle of the 
occipital region : in some species the pressure of the brain from 
within, and the muscles from Avithout, reduces the thin, bony 
wall in some places to its membranous lining, leaAing openings in 
the dry skull commonly on each side of tlie cerebellar prominence. 
Those have been termed Vfontanelles,’ as if they were due to 
original arrest of cranial ossification, but the latter cxplaniitioii 
a|)])Iies to openings, usually reduced to a venous outlet, between 
the oxoccijiital and mastoid. In certain Doves, Owls, l^arrots, 
and the Dodo, there is a median ‘ superoccipital ’ foramen, usually 
accompanied by a ])air of venous foramina. 

The basisphenoid chiefly ditters in the presence or a))sence of 
^ pterapophyses.’ ^ They are longest in the Strut hi on uke, fig. 27,,/,^ 
are short and thick in Dmornis and Aptayx, and abut against the 
tympanic end of the pterygoids ; they are shorter in Grallatores 
{VancUus^ and Rosores {Cohmihay Tinauius, Sijrrha2)tcs)y and 
their abutment is nearer the middle of the ])terygoids ; they arc 
absent, or are too short to reach the ])terygoids, in the Dodo, 
Owls, Diurnal Ilaptores, and most other llirds. In thc*Emeu, 
Apteryx, and Dinornis, the basisphenoid sIioavs a median perf’ora- 
tion. The sides of tlie basisphenoid, oldiquely grooved by the 
Eustachian canals {Dinornis^ and excaA ated to form the base of 
the tymjianic cavity, in some l)ii*ds extend outAvard to the tym- 
panic process of the mastoid, and Avith it grasp the hinder condyle 
ot the tympanic. 

The mesencephalic fossa and the ^foramen ovale’ for the transit* 
of the fifth or trigeminal nerve indicate the alisphenoid, fig. 28, g, 

* xyr. vol. iii. pi. 52, fig. '4. 

* First indicated as such in xvi'. vol. iii. p. 351 (January, 1848); see also xliv. p. 

303, no. 1601. 3 XLIV. p. 259, 

VOL. II, E 
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and its general homology as a ^nenrapopliysis its extent and 
connections are '’shown in fig. 8, p. 22, of CXL, and in the speci- 
men, No. 1363, of XLiv ; it articulates below with the basi- 
sphenoid, behind with the mastoid, 8, and petrosal, above with the 
parietal, 7, and frontal,, ii, in front with the orbitosplienoid, lo, 
combining with it to form the foramen laccrurn anterius, through 
which orbital portions of the fifth nerve pass ; and which usually 
blends with the common foramina optica, encompassed in great 
part by the orbitosplienoid. " 

The homology of 8, figs. 25, 28, 31, with the bone so numbered, 
and called ^ n?astoid’ in vol. i. figs. 75, 81, 91, 92, 93, 95, and 97, 
is plain ; it forms part of the cavity for the otic capsule, as in 
Fishes, and part of the tympanic cavity, as in the air-breathing 
Ilaematocrya. As in Ke])tilcs, it oifers the articular cavity to 2s, 
a relation partially fulfilled in Fishes; it sends off’ the second, 
counting forward, of the great outstanding processes for the in- 
sertion of muscles from the trunk and neck ; it is developed in 
and from the thick lateral cartilaginous mass of the primordial 
cranium, connatcly ivith the otic cajisule (petrosal). Besides the. 
^mastoid process,’ figs. 27, 29, 8, a second so-called ‘ tymjianic. 
process’ is developed in some Birds.* The articular cavity for 
the bone, 28 , is single in Apteryx, Dinornu, Strnthio, and a few 
Other birds, but double in most; in Aptornis there are three 
articular surfaces.^ The mastoid process varies in shape and size; 
in a few birds, as in Calyptorhynchus and Aptornis, it repeats 
the secondary character more commonly seen in Keptiles by unit- 
ing with the third cranial diapophysis, 12 , and forming an up])cr 
zygomatic arch across the temporal fos'sa.^ The ()j)tic foramina 
indicate the orl)itosphenoids, which, like neurapophyses of the 
trunk, in certain instances, coalesce below and divide their seg- 
ment of the neural axis from the vertebral centrum. In Birds 
they arc uplifted, as in the Perch (vol. i. fig. 85, 10 ), far above 
the representative, 9, of their centrum. The divergence of the 
neural lamime above the median confluence, to support the pros- 
encephalon, is ^vell shown in CXL. fig. 8, and in the specimen, 
No. 1363, XLiv., p. 262. In the antecedent neurapophyses, H, 
the tendency to median confluence increases, and they become 
confluent not only below, but above their segment, encompassing 
*the canal, foramen, or foramina, for the olfitctory*^ nerves (rhi- 

‘ Bustard, xviir. vol. iii. p. 352, pi. 52, lig. 9, 8'. * Ib. p. 352. 

^ ® Ib. p. 352, pi. 52, fig. 1, 8, 12; CXL*. pi. 1, fig. 1, 8, 12. In tho memoir above 
cited this skull is described as belonging probably to .D. Casnarinus, ib. p. 37C; 
it is, however, of D. didiformis^ since geiierically separated ns Aptornis, 
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ncnccplialic prolongations of the neural axis), and in some hinis 
expanding above, and appearing, as in BatraeJiih, on the exterior 
of the cranimn, as between ii and 15 , in fig. 29, and at 14, fig. 31. 
The confluent prefrontals, fig. 28, 14 , support the fore j>art of tlie 
irontals, 11 , and a greater proportion of the nasals, 15 ; they arc 
in most birds raised far above the (hypa- 
poj>hysial) ossification of the hnver cor- 

tieal part of their centrum, called ther t " 

^^omer,’ fig. 32, 13, the large eyeballs, | " 

and tlieir thin but deep iiiterorbital sep-* « 

til in, being interposed ; this septum is in ,i||® 

ossified in diflerent degrees in diflerent 

birds. Tlic tyjiical position of the jire- / 

frontals is retained in Apteryx and Dl- \4 pi||| 1 1 

Hornia. The condition of the prcirontals VI ill mS-’' 

in some fishes will aid the MW 

comprehension of the devclotiement of ps|i/j !■ 

the yirefrontals between the orbits in 

tliesc wingless birds. The frontals are 

large, triangular (fig. 29, 11 ), or sub- 

rhomboid, [ilates. The post-ft*ontal a])- Y||!i '' ||W 

pears as a distinct bone in some birds 

(Emeu)^ fig. 31, 12 ; it vm-ies much in |!|M 

length ; it bends doAvn, and is the longest \ j*] J 

of the three cranial diajiojihyses in the I ® Klf 

Eagles ; it curves forward, meets, and 

coalesces, with a hai.hAvard vrodnetiott of 

the lacrymal in some Parrots, fig. 30, /y //. 

The nasal bones rarely unite wdth each otlicr in any proportion, 
fig. 29, 15 ; ill most birds they arc se]>aratod liy the union of the 
nasal process of tlie yn-cmaxillary, 22 ', 
with the frontal (u* yiref rental : save in * 

the Emeu, fig. 31, 15 ,^ and some other ” 

^^trutkionldce, the nasal bifurcates ante- 
riorly to form the hind boundary of tlie ^ 
nostril, and the liinder prong descends 

to join the maxillary, dividing the r 

nostril from the antorbital vacuitv. 

The premaxillary, figs. 28 -3^ 22 , 
upon which the upjier mandible is moulded, follows, in a minor 
degree, all the varieties of that much diversified part in Birds : it 

' CXL*. p. 52, pi. 1, fijr. f), 14. * XVIII*. vol. iii. pi. 39, figs. I iiiul 2, 12. 

^ XVII i*. A^ol- iii. pi. 39, 14. 


Skull of yuuiig Oslricli. 


Skull of Jhirroi;. 
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is a single bone, expands from before backward, and divides into 
a superior and medial, nasal process, ib. 22 ', and a pair of infero- 
lateral maxillary processes, ib. 22 ; the Interval between the nasal 
and maxillary processes being the fore part of the outer bony 
nostril. The nasal process indicates by a median slit or groove the 
typical duality of the bone in the Gallina^ and a few other birds : 
the maxillary process usually .sends off a ‘ palatal ’ plate, fig. 32, 22 . 

31 



The maxillary, figs. 27-32, 21 , is a small and usually slender 
bone, anteriorly expanded and engrained into the notch be- 
tween the maxillary and palatal processes of the premaxillary: 
usually uniting also with the nasal, and in some birds wdth the 
lacrymal, 73, and vomer, 13 ; it then bifur(*ates posteriorly on the 
horizontal plane to join the malar, 26, and the palatine, 20 . The 
palatine process sometimes developcs from its upper surface a 
turbinal structure.* In the Ilhea the palatine |)late of the maxil- 
lary is perforated : in the Emeu, Ostricli, Apteryx, and in most 
birds, it is entire : it is of great breadth in the Night-jars ( Cnjrri’- 
mulgiis^ Podargus), and is both long and broad in the Apteryx. 
In Struthio and Rhea the maxillary sends upward a process to- 
Avards the nasal, tlie descending maxillary jn-ocess of which is 
Avanting. 

The palatines, fig. 32, 20 , articulate by a longitudinally grooved 
mesial surface to the vomer, 13 (JE’///c?/.), more commonly to both 
this bone and the presphenoid, or to the latter only : they give at- 
tachment posteriorly to the pterygoids, 24 : they diverge as they 
extend forward, developing a ^ meatal ’ plate mesially, Avhich par- 
tially bounds the posterior nostril, and a ^muscular’ plate externally 
for ihe attachment of the entopterygoideus ; they then extend for- 
w-ard, parallel or converging, to join the maxillarics, and some- 
times also the vomer, and there complete the roof of the mouth. 
In the StrnthiouMce the ^ palatal ’ part is short and broad ; arti- 
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dilates laterally with the maxillary, and, as it retrogrades, ex- 
pands, mesiad, to abut upon the presphenoid {Strutliio) or hind 
part of the vomer fig. 32, is), and to articulate with 

the, pterygoids : the palatines nowhere meet in the median line, 
and the meatal jirocess is wanting. In the Apteryx the palatines 
coalesce anteriorly Avith the maxillaries, ])osteriorly with the ptc- 
i-ygoids, have a straight outer and a concave inner border, from 
A\ liich, posteriorly, is continued the ^ iiioatal ’ plate curving inward 



and forward, obliquely, about the hind ])art of the meatus, and 
ai)})lylng itself mesiad to the vomer and pres})hen()ld. In Nata- 
tores y and most (JraIlato?^es, the palatines meet each other poste- 
riorly, for a short extent, before diverging as they advance to 
bound posteriorly the palatine nostril. In the l^clecanidfe the 
mesial union is extensive lieiieath the presphenoid and A^omer. 
In Thunniis the [iidatines join behind; they\ there touch each 
other for a shorter extent in (Jolumhidee ; but in most Gallinacea 
they are kept apart by the presphenoid. In Podaryus and some 
other Fissirostrals the palatines are short and broad, and exten- 
sively joined together behind the small palatal nostril. In Raj)-^ 
tores the jialatines meet behind beneath the prespherftAid and 
vomer: the meatal plate developes a ridge, descending, to increase 
the concavity of the entopterygoldeal surface, the outer border of 
Avlindi also descends ; and these carinal boundaries of that surface 
arc found in many birds. The extent of tlie palatine jdate varies 
m difierent birds; it is largest in Struthionidcey large in Raptores, 
and least in the Gallinoi ; in the Tinamous and Pigeons it is of 
moderate size. In the Emeu it has a large vacuity;' it is per- 
forate in T'inarnus^ and in some Grallatorcs, 

The pterygoids, figs. 27, 32, 2 j, articidjite with the outer 
and hinder angles of the jialatincs by a squamous overlapping 

' XYI*. vol. iii. pi. 39, fig. 2, 20. 
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suture in StrutMo^ where they are wide apart, and pass almost 
parallel backward to join the pterapophyses of the basisphenoid 
and the tympanies; developing* a broad plate mesially to abut 
upon the presphenoid : their palatine ends are nearer each other, 
and their course to the tympanies more divergent, in the Emeu, 
Apteryx, l[emi])ode: they touch each otiicr anteriorly in some 
birds ; and^ in a few {PodicepSy Sula, Ihis^ AnjaUiy Scolopiui), 
have a short extent of mutual junction before diverging. In 
Ithea the fore part of the pterygoid is slender, is attached to the 
vomer and jrrespheuoid,*^ traverses obra^uely the upper surface of 
the palatine plate, with wliieh it ultimately coalesces, and becomes 
engrained between the pterapophysis and orbital process of the 
tympanic before abutting u])on the inner and lower condyle of 
that bone. In general the pterygoids are straight and slender; 
they diverge at an open angle in Papfon's, at an acute angle in 
Colt/ minis y are nearly parallel and longitudinal in Strufhioy Avitli 
intermediate relative positions in other birds. In Jlaptorvs their 
connections are limited to the essential terminal ones Avitli the 
palatines and tymi)anics : in some other birds they articulate, 
occasionally by a distinct process, with ptcrapopliysial extensions 
of the basisphenoid, limiting the movement of the tympanic, and 
adding strength and fixity to the upper mandible: in most birds 
there is a prominence or process from the hinder border for liga- 
incntous attachment to the basisphenoid. In Rhea there is an 
articular process for the orbital plate of the tympanic. The 
tympanic joint is double in Pheasants and Plovers. 

The bone, figs. •28--;i2, 2G, answering to that so numbered iji 
figs. 91, 92, 03, 95, vol. i., is a straight, slender, usually triedral, 
style in birds, articulating with 20 by one end and witli 27 by the 
other, and in some birds being joined by a descending process 
from the laci-ymal. It combines all the essential homological 
characters of the ‘ nudar,’ those, viz., derived from relative position 
and connections; and exemplifies the unimportance of configura- 
tion: showing the opposite extreme to the scalc-like shape of the 
bone in the Turtle, fig. 91, 26, vol. i. The malar of the Crocodile, 
fig. 95, 20 , oilers an intermediate modification of form. The 
malar in the bird overlaps the maxillary by an oblique suture, as 
in the Reptiles. 

* The zygomatic connection between the maxillary and tympanic 
is completed by the hone, figs, 28-32, 27 , Avhich has the j?(amc 
slender figure as 2 G^ with which it early coalesces; but preserves 
a moveable articulation with 28 by a convex condyle adapted to 
the acetabulum <mi the outer side of the tympanic. The tAvo 
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l>f}nes, 20 and 27, wliicli become blended together in young 
StriithionidcB hQ:forG the (xmfluence with the maxillary is complete, 
extend backward in all adult birds, usually in a straight line, 
iroin the maxillary to the tympanic. In the Cassowary the zygo- 
matic arch presents a slight expanse and outward bend of the 
s(juaniosal; in Didus it shows a slight downward as Avell as 
outward bend. In some Parrots and in HornbilLs*(jywcmw)> 
the inalo-squainosal zygomatic style, 30, Z, has a moveable 
(•(Tty loid joint at both ends; in some ft/jorZm/fA/z it is anchylosed 
at l)oth ends. • 

In the birds in which the upper mandible is mokeable, either, 
as in Parrots, by articulation, or as in many other birds by 
ilexibility of the nasal j)rocess of the ])remaxillary, the movements 
of the tympanic, to and fro, u])on its proximal joint, are transferred 
by the zygoma to the maxillary, and by the pterygoid to the 
jjalatinc : and thus by the forward rotation of the tynuMinic the 
upper jaw'^ is raised, at the same time that the loAver jaw by the 
action of the digastricais may be depressed. 

Before anatomy had reached its liomological phase, ornitho- 
lomists called the zygomatic styles ^ossa communicantia,’ and the 
])tcrygoids ‘ ossa homoidoa, sen interarticularia ; ’ the following 
Ijone was termed ^ os quadra turn.’ 

In the tym])anic, figs. 28, 31, 28 , are to be noticed the ^ mastoid ’ 
and ^ mandibular ’ ends, and the intermediate body giving attach- 
ment at its back part to the ear-drum, and sending from its fore 
])art the ^ orbital’ process. The mastoid articular end is obliquely 
extended from l)ehind forAvard and outward the body slightly 
(Contracts below ; then expands and becomes trledral at the set- 
ting off of the broad comjn’csscd angular orbital process : beloAV 
I ills process the niandibular end is much expanded, chiefly trans- 
versely : it ])rescnts two articular surfaces ; the outer one, cloji- 
gatc or reniform, j)artly concave, partly convex ; the iilncr one 
a shorter elliptic or oblong convexity ; the i)itermcdiate non- 
articiilar tract varies in different birds. On the outer side of the 
mandibular end is a hemispheric articular caAdty for the ‘squa- 
mosal.’ Ill most birds the mastoid condyle is divided into two, 
the inner and posterior encroaching upon the paroccipital, and 
showing, in an interesting Avay, the course of retrogression of the 
1 ympano-mandlbular arch from the fisli to the Avavmblooded ovipara» 
Most Cursores and Rasoresj Apteri/x,"^ Pezus, Rhi/nchotis, have 
hut one condyle, as in Lizards. The ear-dri\m is attached to the 
back part of the pedicle oliliqiicly from its outer margin above to 
* xvi*. tonJ. iii. pi. 39, figs. 8, 9, and xxiv*. 
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the inner one below, whence the meinbrane is continued to the 
basisphenoid, paroccipital, and round by the mastoid to the tym- 
panic again. A |)art of tlic [)eriphcry (tf the drum may sl)ow an 
epiphysial bony rim. In some birds there is a well-defined flat 
oval surface on tlie outer side of the pedicle for a corresponding 
surface on the mastoid process : * most show a distinct articular 
surface^ on the inner side of tlic lower part of the base of the 
orbital plate for the pterygoid: thus, including the squamosal ])it 
and two mandibular condyles, there may be not fewer than sev6Ti 
ai’ticular surfaces in th<f tympanic bone of the Bird. ItKS orbital 
process is a greater developement of the anterior lamina of the 
Crocodile’s tympanic, fig. 93, 28 , vol. i. ; the size of the y)roccss 
is one of the chief cliaract eristics of the tympanic in the Bird, and 
shoAvs much variciy of shajje and pro])ortion in the class.^ Its 
apex may be truncate or rounded {Dbi()rnis\ or pointed 

{Aqidlay. A large pneumatic foramen may be situated on the 
inner side of the pedicle; or on the hinder facet below and be- 
tween the u])pcr condyles, or in both situations. 

The mandible or lower jaAvbonc is ossified usually from nine 
centres ; tlic anterior being the first to a}) 2 ienr, forming the 
cliief and characteristic part, fig. 25, n. iii, of the bone. It 
bifurcates .as it extends liackward to form the lioinologucs of the 
dentary elements, fig. 31,32, Avhich arc thus ^connate ’at their 
symphysis. The Pelicans arc an exc.e])tion, and exemplify the 
normal separate ossificiation of each dentai'y, becoming subse- 
fpiently confluent for a small extent anteriorly.'^ The ^suran- 
gular,’ il). 2!/, S[)C#3dily unites, if it be not connate, Avith the 
^ articular,’ 29 : the angular, 3o, remains longer distinct, but co- 
alesces first with the articular : the splenial element, si, coalesces 
first with the dentary, and retains longest its juimitive indepen- 
dence posteriorly. 

In the Garefowl (Alca inij)pnnis)y each dentary retains its bi- 
furcate hind end distinct, the iipyier yArong overlapping the sur- 
angular, the loAver one the angular ; and these tAvo latter elements 
are divided by an oblong space partly closed within by the sj>1e- 
nial : there is also a foramen at the back part of the surangular. 
The sydenial retains its distinctness posteriorly, and a groove on 
the loAver margin of the ramus indicates the extent of its for- 
AVard yiroductioii to its confluence Avith the dentary. A vacuity 
between the angular and surangular remains in many birds, 

* xvr. vol. iif. p. 350, pi. 53, fig. 9,/. 2 ^ 

Compare il). pi. . 39 , figs. 7, 8, 9, a, and pi. 53, figs. 8, 9, A 

* Ib vol. iii, p. 35. * xxiu’. 
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e.g. Cracticusy Anthochaira^ Lanins, amongst CaMores, but clucfly 
in the aquatic, wading, and terrestrial orders •( Tetrao, Dinor- 
ms, Dldiis, Notornis,^ Porj)hyrio, 2\intalvs, Ithyncops, Urui). 
The Coots show a second ellijdical vacuity at the base of the 
coronoid rise of the siirangular.^ In Rhyncops, the long com- 
pressed symi)hysial part of the mandible descends below the 
level of tlie angular, the lower border of the inandiUie having a 
deep notch there. The symphysial pai*t partakes in a miinn' 
(feoTCC of all the various modifications of the lower mandible. 
The angular is chiefly extended transvtrsely, and to the inner 
side of the ramal axis, to form the surfaces adapted' to the tyin])a- 
nic condyles, a deep and smooth depression usually dividing 
them: the inner joint, in Parrots, is a longitudinal groove; the 
outer one is a longitudinal convexity. An angular process 
extends frtmi the inner or medial side of the articular expansion ; 
lliere Is also, in some birds, a similar process from its Uick ])art, 
and this, in the Grouse tribe, especially the male Uroy alius, is 
much elongated and l)cnt up. The tcn)[)oral muscles are inserted 
into an elongate rough tract, or slight elevation of the upper 
border of the surangular ; it is rarely raised into a ^ coronoid ’ 
])rocess ; but tliis is conspicuous in the conirostral Cnnfores, and 
especially in the Grosbeak and Crossbill. The latter bird shows 
a want of syninietry iji the mandibular rami ; and tliere is a large 
sesamoid, wedged into the back and inner part of the joint of the 
lower jaw.^ 

Through the arrested developcmont of the hyoid arch (cerato- 
and stylo-hyals), the tongue of Ilirds is not sii54})cndcd by attaclied 
inverted piers, but is slung to the craniiiin, when its brandies are 
snfljcicntly long, by ^ thy ro-hyals,’ usually including the hypo-, figs. 
20, 31, 46, and cerato-, ib. 47, braindiial elements; they arc long 
and slender. The basihyal, figs, 2(>, 3 1 , 33, 4 1 , hh, is snbcylindrical 
and expanded at the ends; the front end usually presenting a 
trocldear articular surface, convex transversely, concave vertically, 
for the glossohyal, or for the ceratohyal, or for both elements. 
Tlic ceratohyal, ib. 4o, ch, is ahvays short, usually extending for- 
ward from its attachment as well as backward, and the forward 
production often unites with its fellow, so as to form the basal 
part of the direct support of the tongue. In this case the glosso- 
hyal, ib. 42, articulates with the ceratoliyals ; rarely also witJi 
flic*basi-hyal, hh, as in the Crane, fig. 33, c. The basihyal is of 

* XVI*. vol. iii. pi. 53, fig. 1. ' Ib. figs. I and 7, w, 

» vir. p. 277. 
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extreme length and tenuity in the Woodpeckers, ib. bh, d, and 
supports at its fore end the barbed glossohyal, ib. f/h. Sometimes 
the uroliyal, fig. 43 , is confluent with thebasihyal(^/c« impennis, 


33 



ITyoM. t; drns, ].i I’/rw.s. 


Vanellus, Columba); more often 
articulated therewith, or with 
both basi- and tliyro-hyals, fig. 33, 
C , uh ( (Jrus cinerea). The ^ thy i‘o- 
hyals ’ usually retain the tAvo ele- 
ments of the branchial arch abov% 
(nted, and shown in figs. 20 and 
31, 46 and 47, fig. 33, //i, cL 

Only in a skull of the extinct 
Aptornis have I seen an ossified 
‘ stylohyal : ’ it Avas anchylosed tis 
a styloid process to the side of 
the inferiorly jn’oduced basisphe- 
noid.^ 

The bone, figs. 20, 28, 29, 31, 
73 , situated at the fore part of the 
orbit and pierced or grooved by 
the lacrymal duct, articulates, 
Avhen not anchylosed, to the 
frontal, nasal, and prefrontal ; it 
usually sends one process fi’om 
its u]>])er part arching over the 
upper and fore ])art of the orbit ; 
and a second ]>rocess, from its un- 
der part, downward to abut upon 
ilje maxillary, dividing the orbital 
from the antorbital vacuity. 

Like the lacrymal in Fishes, 
this bone in some birds is con- 
nected Avith a suborbital frame 
extending to the pc»st-frontal 
(^Macrocerens, Strif/ops)^ fig, 30, 
o, < 7 , and even Avith the mastoid 
( Cah/pt()rhij7ich ?«.v, Phjctolopli us, 
TAr metes, Microglossns aterrimus, 
Latkmnus^ 


The superorbital part of the lacrymal is broad and flat, in Aquiln, 
and articulates Avith a similar superorbital derm-bone: in Vultur 


* xvr. vol. iii. pi. 52, fig. 3, 38. 
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it is longer and more slender. In Casiiartus the lacrymal coalesces 
with the frontal, prefrontal, and nasal, Imt retains its freedt>m 
ill other Strutliionidoi, The lacrymal is very large in Dacclo 
a]id Trochilus, fig. 18, Z. 

The skull in the Raptores^ especially in the nocturnal division, 
is short, broad, and high, in proportion to its length, and the 
cranium is large compared with the face. The occipitiil foramen 
is almost horizontal. The superoccipital^iuscular depressions are 
AN^ll defined. The temporal fosssc are not very deep, and are 
Avide apart superiorly. The cerebral conrexities arc not strongly 
marked; the frontal region is flat. A longitifdinal furrow 
extends along the wliolc uj)pcr surface of the cranium in some 
Owls. 

The cranium of the Warblers presents a more regular sphericity, 
but the inter(:)rl)ital space is very (concave. The anterior pari(?tes 
of the orbits are large, from the size of the lacrymal lione and 
of the transA'crse lamina of the ])refrontal ; the internal and ])Os- 
terior orbital ])arictes are defe(!tive ; the o])tic foramina are com- 
monly blended into one, and continuous ivitli the larger fissures 
above. 

lu the Parrots the u])pcr surface of the crfinium is flattened or 
slightly convex, and greatly extended in bi*eadth between the 
orl)its for the articulation of the naso-preivAaxillary bone, fig. 
;3(), n. 

Ill the Toucans the cranium slightly iucrc^ases in breadth to 
the aiilerior part Avhere it is joined to the enormous bill. Its 
superior surface ])roseuts an equable convexity. The temporal 
fossic, like those of the Parrots, are small, and wholly confined to 
the lateral aspects of the eraniuni. The posterior surface, which 
is absolutely concave in the Macaivs, from the backward exten- 
sion of the paroceipitals, is slightly convex in the 'roucans, where 
it is separated from the upper surface by a I’cgiilarly arcliAl ridge. 
The cerebellar prominence extends over the occipital foramen, the 
plane of which inclines forward and downward from the horizontal 
line at an angle of 45°. The circumference of the orbit is un- 
inclosed by bone at the posterior part, the ])ostorbitaI processes 
of the frontal not being developed as in most Parrots. The 
septum of the orbits is very incomplete. The nostrils open on the 
posterior part of the upper mandible, which presents a smool'ii 
enth’c surface formed by the thin parietes of tlic dilated cellular 
osseous tissue. 

In the Ilclmcted llornbill (^Buceros fjaleatus) the outer sur- 
lacc of the skull is sculptured with irregular furroAvs and risings, 
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recalling the surface of the skull in the Crocodiles. The occiput 
is concave, and separated by a strongly developed ridge from the 
temporal fossai, Avhich almost meet at the vertex. Tlie bony 
septum of the orbits is complete, and formed by two strong plates, 
separated by an intermediate cellular diploe, except at the pos- 
terior part. The optic foramina arc distinct ; each is directed 
transversely outwards. 

Ill the Woodpeckers the cranium is rounded, the temporal 
fosste shallow, the internal wall or septum of the orbits incoifi- 
plete, but the anterior boundary is well developed. The posterior 
facet of the ci^anium is raised. The superior surface is traversed 
by a wide furrow extending longitudinally forward, generally to 
the right, but sometimes also to the left, as far as the lacrymal bone. 
In some of the larger species of AVoodpecker, as tlie Picus major ^ 
L., the cranial furrow is more symmetrical. In the Humming- 
birds it js double, the hyoidean furrows being separated at first 
by the cerebellic protuberance, and afterwards by a mesial longi- 
tudinal ridge. 

The skull is remarkable for its length in the majority of the 
Woffers, In the Herons and Bitterns the occipital region is low, 
and inclines from below upward and forward ; it is sejiaratiMl 
from the upper and lateral regions by a well-devcloj)ed, sharp, 
lainbdoidal crest ; and it is divided into two lateral moieties by a 
slight longitudinal ridge. The temporal fossie are deep and wide, 
and extend upward to the sagittal line, along Avhich an osseous 
crest is developed. The cranium is expanded anteriorly to the 
above fossa% for tjie lodgment of tlie cerebral hemispheres, the 
interspace of which is indicated by a decj) longitudinal furrow. 
The roof of the orbits is expanded laterally, which gives great 
breadth to this jiart of the hea<l, but the posterior oj*bital walls 
are very imperfect, and the internal walls or septum almost wholly 
Avanting. The optic foramina are blended Avith each other and 
Avitli the smaller foramina, which in other birds represent the fora- 
men lacerum orhitalc, 

AVoodcocks, Snipes, CurlcAVS, and LapAvings resemble Herons 
in their defective bony orbits; but they Avant the extended 
superior parietevs of those cavities, and differ much in the almost 
sjiherical form of the cranium, Avhich is smooth and devoid of the 
nRUSCular ridges characteristic of the fish-feeding Grallm. In 
this order the premaxillary bones present some of their most 
eccentric forms. They are narrow, elongated, and curved doAvn- 
Avard in the Ibises and CurleAvs; bent upAvard in the contrary 
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direction in the Avosets ; extended in a straight line in the 
Snipes ; singularly widened and hollowed out in the Boatbills 
( Cancroma^ lialcsuiceps ) ; widened, flattened, and dilated at the 
extreiuity in the Spoonbill; thickened, rounded, and bent down- 
wards at an obtuse angle in the Flamingo, fig. 14. 

Among the Natatores^ the Divers (^Coh/mbus), Grebes {Podi^ 
a'ps)^ and Cormorants (^Carhi) show a defective condition of the 
bony orbits, and of the anterior parietes of the cranium; the 
sc^)tum of the orbits is almost entirely Avanting ; in place of the 
posterior orbital parietes, there are two lacume leading directly 
into the cranial cavity, one superior, of large size, and one inferior, 
smaller ; they arc, in general, separated by a narrow osseous bar, 
but in the Coulterneb {Fratarcula arctlcn^ this is also wanting, 
so that all the orbital and optic nerves escape by a common open- 
ing. In the l^etrels and Albatrosses, the internal and posterior 
walls of the oihits are more complete. In the Diomedea»exulans 
the oi)tic foramina are separated both from each other and from 
the neighbouring outlet. The occipital region is low, and divided 
into a superior and an inferior facet, the latter being concave 
from side to side. The plane of the occipital foramen is almost 
vertical. The occipital or lainbdoidal crista is well-marked, and 
the tempoi’al fossa) nearly apjiroximatc in the middle line. In 
these Sea-birds and in the Gulls, the lateral lacuiuc in the bony 
parietes of the face are very considerable. 

A most remarkable characteristic of the cranium of both the 
Brachypterous and Macropterous Sea-birds is the presence of the 
tAvo deep, elongated, semilunar glandular dej^-essions extending 
along tlie roof of the orbits. In the acpiatic Ihrds which frequent 
the marshes and fresh waters, as the AnatidxR or Lamclllrostres^ 
these glandular pits arc Avanting, or very feebly marked, as in 
the Swans. They are, however, again met Avitli of large size, 
though shalloAv, in the CurlcAvs {^Namcnim) and Avosets {Recnr- 
vlrostra ) ; and are also found, though of smaller size, in the 
Flaminjxo. 

The cranial cavity has but a limited range of size in the class 
of Birds, although an extreme one in relation to the bulk of 
the body: that of the smallest Humming-bird is proportionally 
greater than in any other animal, Avhile that of the great Dinorniii 
IS almost crocodilian in its contracted area: the size of the 
craTrium, small as it is in relation to the trunk and legs in the 
giant bird, being expanded to the requisite qxteiit for muscular 
and other attachments by a thick pneumatic cellular diploe be- 
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tween the outer aiul inner , tables.' Tlie owls have a similar (hv 
velopement of di[)loc: in most birds the free cranial wall is tliia 
and compact. The cavity is closely moulded to the brain, and 
shows well-marked fossie for the cerebellum, medulla oblonj^ata, 
optic lobes, hypophysis, cerebral hemispheres, and, in Dinorni.s 
and Apten/Xy for the olfactory lol)os. Some birds show' also ;i 
depression' upon the [)ctrosal, wdiich is deej) in the Heron, in 
Duiornis an upper transverse ridge divides the pros- from the 
ep-ence])halic compartment, and a lower fme divides the in'bs- 
from the Tnes-enco}>ha)fic compartment, which ^ tentorial ’ ridge^-, 
being on nearly the same vertical parallel, almost equally bisect 
the cranial cavity into a wider front and narrower hind division. 
The roof of the pi'osencophalic compartment sinks a little into tl)c 
interspace of the heinisjdieres, and is here usually grooved by 
the longitudinal sinus : l)ut in a few liirds it develo])es a bony 
‘falciform’ ridge, which, in Buceros (jalxatus, e. g., bisects tlic 
fore part of the ])rosencepluilic compartment. 

The ])rincipal foramina observed in the cranium ai'c, in the 
cpenccphalic fossa, one or more minute ‘ prccondyloid,’ the large 
foramen for the ‘vagus ’and internal jugular vein, tlie meatus 
auditorius interims; in tlie mesencejihaHc fossa the ‘foramen 
ovale ’ for the third and second division of the ‘ fifth,’ the ‘ carotid,’ 
which opens into the deep ‘ sella,’ the ‘ foramina,’ wdiich trans- 
mit nerves to the orbit, notahvays distinct from tlie wide foramen 
opticum ; this also being l)leiided wdth its fellow in many birds ; 
in the prosencejihalic coinpartnient, are the rhinenccphalic fora- 
mina, whicli, in Apteryx and Dinornh, from the backward exten- 
sion and interorbital position of tlie enormous olfactory chambers, 
become ‘ rhinencephalic fossic,’ distributing thereto olfactory 
nerves by a ‘ cribriform ’ plate. 

The tympanic cavity is formed by tlic paroccipital, basi- and 
ali-splihnoids, petrosal, mastoid, and tympanic. It presents tho 
stapedial canal leading to the ‘fenestra ovalis;’ and jmemnaiir* 
apertures by whicli the air from the Eustachian tube is conducted 
to the pericranial diploe. The ‘ petrosal’ as the osseous caiisiile 
of the acoustic organ, and the ‘ stapes,’ Avith tlie cartilaginoiiH 
‘incus’ and ‘malleus,’ as apjiendages thereof, will be noticed in 
connection Avith the sense-organs. 

• The orbits are large and lateral, but encroach upon the anterior 
AA^all of tlie cranium, the eyeballs moulding it into a pair of* con- 
cavities looking foyAAwd and usually a little dowiiAvard and out- 


xvr. vol. iv. i>l. 24, fig. 4. 
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ward, with extreme thinning and sometimes partial loss of bone. 
The roof of tlie orbit is fonned by the frontal^ prefrontal, and 
lacrymal ; the hind wall by the frontal, ali- and orbito-sphenoids ; 
there is no bony floor ; but the eyeball rotates on a sort of air- 
cushion resting upon the palatal, the pterygoid, and the orlntal 
jn’oeess of the tympanic?. The bony septum is usually more or 
less incomplete, and the orbital freely coinmuiiiciate^ with the 
temporal vacuity. Only in a few specio is tlic pei'iphery of the 
o?bit completed by bone, as in certain MaccaAvs and Cockatoos 
(^Macroccrcu!(y fig. '10, Phfv.tolopUus^ Calypti^rkt/nclmii); the hi- 
cryrnal extending to the postfrontal as a continuous siihorbital 
bar. In the Woodcock tlie large lacrymal so extends the front 
Avail of the orbit as to (*ause it to look a little backward as Avell as 
outward : and the orbits are so large as to ])usb the braiii-case to 
the loAver and l)ack part of the cranium. In the Owls the posl- 
frontals have the form of broad thin plates, coinprcs^iod from 
before l)ackAvard 5 and unusually produced dowinvard to increase 
llio wall of the large orbit and give it a more anterior as])cct. In 
most diurnal Raptores the upper Avail of the orbit is sup] de- 
mented by a dermal oblong flat supcrorbital bone, ligamcntously 
connected Avith the lacrymal. The orhits arc smallest and worst 
defined in the nocturnal small-cycd Apten/x: there are no super- 
orbital ridges, no antorbital or postorbital processes, and theinter- 
oi'bital septum is complete and thick, the optic foramina being 
wide apart. In Dhwrnis the orbits arc small, and also divided 
by the rhinal chamber : but the su])crorbital ridge is present and 
developes a strong postorbital process. The ipterorbital septum, 
as a rule, is very thin, even Avhen entire, as in Tachypetvs^ 
Ciiracdas^ Eurystomusx it may luwe a small vacuity or 

a very large one {Thiccros), or two or three as in most birds. 

The olfactory cerebral crura emerge from the cranium at the 
upper angle betAveen the hind wall, roof, and septum of tlfb orbit ; 
groove the u])per part of the septum as they pass forward to 
I)enetrate the ])refroiital and expand into the rl unencephalon, 
dispersing the olfactory nerves to the turhiiial membranes. The 
frontal olfactory foramen, in the Rapitores, is smaller tlian the 
prefrontal one. Between the Vulture and the Crocodile the dif- 
ference is that the rhincncephalic crura extend along a common 
canal above the intcrorbital space in the Reptile, while in the 
Bird the ossification of the septum divides the rhinencephalic 
fossa into two ; but many birds resemble the Crocodile in this 
respect. The bones Avhicli hold the neurapophysial relation to 
Ihe rhincncephala, anterior to the froiitals, are the same, or homo- 
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logouSj in ho&\ Ovipara : but in the Bird the Ksecondary peripheral 
developments of tlie prefrontals are suppressed as in Batracliians 
and some fishes {Xqithias),^ in which they form the anterior wall 
of the orbit, occupying the anterior part of tlie interorbital space, 
joining each other at the median line by an extensive vertical 
cellular surfiicc, and dividing the orbital from the rhinal cavities. 
In the Apteryx and Dmornis the latter cavities are so developed 
as to extend backward between the orbits to the cranium, the 
iront wall of which forms the back wall of the rhinal, instead ^f 
the orbital, cavities. • 

In most I'irds, however, the orbits intervene: the rhinal 
chambers are small, and communicate with the ii|)per and ba(?k 
part of the nasal passages on each side of the prefrontal septum. 
The passages are partly divided by bone developed from the 
vomer. They nsiially extend oldiquely backward from the outer 
to the inner or palatal nostrils: but in the Toucans and Horn hi I Is 
the nasal passage descends vertically at the base of the huge bill. 
The outer nostril is formed in front by the premaxillary, be- 
hind by tlie nasal- each bone bifurcating to include the area, 
into the lower part of the circumference of Avhich the maxillary 
usually enters. In the Uhea and Emen^ fig. 31, the outer bony 
nostril is incomplete beliliid, the maxillary process or prong ol' 
the nasal not being developed. In the Ostricdi it does not reach 
the maxillary. The external nostril is near the apex of the bill in 
the Cassowary. In the Apteryx the external nostrils arc niiiuite 
and subterminal ; but a linear groove extends back and widens 
into a large triangular vacuity, on each side tlie base of the 
upper mandible in the skull. In the Petrels the nostrils are 
pierced at the end of a tube upon the ii])per mandible. In the 
Pelecanidoi there is no outer nostril. Tlie bony septum between 
the nostrils is rarely entire. The nasal passage is continued 
backwaVd between the vomer and palatine, or between the pre- 
sphenoid and palatine, to open, usually by a single median fora- 
men or fissure, or by a pair of such, divided, as in Ih'omaius, by 
the vomer, fig. 32, i3, or, as in Struthio, by the vomer and pre- 
sphenoid, upon the palate. 

Amongst the cranial peculiarities in Birds may be noticed the 
bony style attached to the occiput in the Cormorant : the light 
cellular I)ony core or support of the thick horn or horny crest, 
in Cdsuarius yaleatus ; which is expanded and flattened behind 
in Casuarlus Mvoryk: the longer* and narrower horn-core, re- 


‘ XVI*. p. .52, pL 1, fig. 5, 14. 
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st ricteci to the space above the orbits, in Oreophasis Derhyanua : 
the bony extensions of the upper part of the premaxillary in 
certain llornbills, especially Buceros galeatm : the elevated base 
of the short and thick upper mandible in Ourax Fauxi: the 
multiplied superorbitals in Tinamus. Nor, perhaps, should the 
spherical bony cyst above the fore part of the cranium in a 
variety of common fowl be omitted, though this, like tjie stunted 
mandibles of some varieties of pigeon, imy rather rank among 
th^ phenomena of pathology. 

§ 129. Scapular Arch and Appendage,— simplest condition 
of this arch is manifested in Apteryx and Dinornis* It consists 
of scapula and coracoid, uncomplicated by connection with the 
Ii'ccmapophysis of any other segment: moreover, the pleur- find 
h;em-aiKiphyscs of the occipital rib have coalesced. A man must 
shut his eyes, and with a tight squeeze, to escape recognising the 
significance of the propinquity' of the vsca])ular arch. to the 
Jiyoidean one in the embryo bird. As developement proceeds, 
segment after segment is added to the cervical series, and the 
occi])ital ribs, with the niyelonal centres supt)lying tlicir appen- 
dages recede far back from the typical position they maintain in 
(ho Fisli (vol. i. figs. 34, 85, 5!, 52 ). In Dmornis^ as in Murama 
and Anguis^ (lie arch has no ap])endages. The scapula is rib- 
like, compressed, slightly bent, measuring but 4^ inches long in a 
species (Z). rohustus) 'with a tibia a yard long ; it is barely an inch 
acrosKS its broadest end where it coalesces with the coracoid, and 
the breadth of the opposite free end is but 5 lines. The coracoid 
is straight, 2 inches 10 lines long, ^ inch broad^ becomes thicker 
to its sternal end, which is convex and adat)ted to the small 
" coracoid ’ fossa at the angle of the sternum. There is no trace 
of glenoid cavity at the confluence of the two bones, but the 
confluent part is here produced into a ridge, vshowing that there 
was no humerus, and that the fore-limb, or appendage ^f the 
scapular arch, was wholly absent in Dinornis, 

In yipteryx the scapula is relatively more expanded where it 
coalesces with the coracoid, and the bone is broader in proportion 
to its length, and shows a vascular perforation near the humeral 
articulation, as in the Monitor (vol. i. p. 174). The glenoid 
cavity is very small, but of the usual shape in Birds. In these 
Ihe scapular arch includes on each side a scapula^ fig. 19, 5i, a 
wacoid bone, ib. f 2 , ^nd a clavicle, ib. 58 — the clavicles, coalescing 
in most birds at their mcsi£y||^ extremities, constitute a single 
bone, which, from its peculiar form, is termed Hie os furcatorium 

fnrculum. In the Ostrich the two clavicles are distinct from 
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each other, but are severally iancliylosed with the^ coracoid and 
scapula, so as to form vnth. them one bone on either side. In the 
Frigate-bird the clavicles coalesce with the coracoids, as well as 
with each other and with the sternum. In almost every other 
species of bird the scapula, coracoid, and clavicle are moveably 
articulated to each other throughout life. In Rhm and Casuarius 
the acromial clement or clavicle is anchylosed with, or rather is 
a continuous ossification from, the scapula ; but the coracoid bone 
is free, a condition which the bones of the shoulder present»iri 
the Chelonian Ke])tilcs,(vol. i. p. 172, fig. 106). 

In the Emeu {Bromaius) it is interesting to observe that each 
clavicle commences by a distinct ossification, and long continues 
separate from the scapula ; it docs not reach the sternum, but holds 
the same relative situation as the continuous acromial or claviculai- 
process of the scapula in the other Striithioiis birds. The cla- 
vicles are distinct from each other and from the coracoid in some 
Ground Parrots and carpophagous Doves i^Columba yaleata^ c. g.). 

The scapula^ fig, 19, 51 , is broader and flatter in the Penguins 
{Aptenodytes) than in other birds. In the rest of the class it is 5i 
long and narrow sabre-shaped bone, increasing in thickness as it 
approaches the joint of the shoulder ; there it is extended in the 
transverse direction, forming externally the posterior half of tlic 
glenoid cavity, and being internally more or less produced, acro- 
mially, to meet the clavicle, while it is strongly attached in the 
remainder of its anterior surface to the coracoid. The blade of 
the scapula may expand towards the free end (^GalliHai)\ and 
this may be obliquely ti^uncato {^Gallinai\ or taper to a point 
(most Avca'), which j,)oint maybe decurved {^Coliimbci) ; it is rarely 
obtuse ( Tetraoy Aptcryxy Dinornis), The position of the scaj)ulH 
is longitudinal, being extended backward from the shoulder, 
parallel to the vertebral column, towards which, however, it 
presciits a slight convexity. In some birds it extends over the 
ribs to, or even above, the fore part of the ilium; Avhile in tlie 
Emeu and Apteryx it crosses over two ribs only. In the IIuui- 
ming-bird (^Trockilus), fig. 19, ty its posterior third is bent down- 
ward at a slight angle. In birds where the scapula is pneumatic, 
the perforations are at the base of the acromial process. 

The coracoidy fig. 18, ^/, figs. 16, 19, 20, 52 , is the strongest of 
, the bones comj)c>sing the scapular arch : its expanded extremity 
securely lodged below in the transverse gjpovc at the anterior 
part of the sternum, from which i||^extends upward, outward, aiul 
forward, but somfetiines almost vertically, to the shoulder-joint, 
where it is articulated usually at an acute angle with the scapuh^ 
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anti commonly also with the clavicle. It thus forms the main sup- 
port to the wing, and point of resistance to the humeri during the 
downward stroke of the aerial oar. The humeral end of the bone 
is commonly bifurcate; the outer process is the strongest, and 
forms the fore part of the glenoid cavity (/, fig. 19), above which 
it rises, to a greater or less extent, and usually affords, on its 
inner side, an articular surface for the clavicle : the inijcr process 
is short and compressed, articulates with the scapula, and is also 
joiped by ligament to the end of the clavicle. The coracoid is 
perforated at the base of the inner proc<jss. The coracoid is of 
great breadth in the Albatross, fig. 13, h, h\ and *is both long 
and strong in the Penguin, fig. 19, 52 . It is pneumatic in Ams 
aerecB and in Rasores ; in some GralUu {Psophia), and in most 
longipennate Palmipeds. The sternal ends of the coracoids join 
each other in Tachppetes, decussate in Herons, send up a process 
above the mesial end in Aptenodptes and above the lateral or 
outer end in Tachppetes : the outer angle of the sternal end is 
produced in Raptores» The glenoid cavity resulting from the 
union of the coracoid and scapula is not equal to the reception 
of the entire head of the humerus. In Raptores, Scansoresy and 
CantoreSy an ossicle (^Os humero^scMpulare) lies between the 
scai)ula and humerus at the upper and back part of the glenoid 
cavity. In Rasoresy Grallatoresy and NatatoreSy there is, in 
place of this bone, a strong elastic ligament or fibro-cartilagc 
extended between the scapula and coracoid, against which that 
part of the head of the humerus rests, which is not in contact 
with the glenoid cavity. 

The clavicles, figs. 15, 16, 18, 19, 58 , are tlie most variable 
elements of the scapular apparatus. In the Ground Parrots of 
Australia {Pezophorus, Illiger) they are rudimentary or wholly 
deficient ; they are slender styles in Columha galeata ; they are re- 
lu’cscnted by short processes in the Emeu, lihea, and Cassowary ; 
they do not come in contact inferiorly in the Ostrich, although 
they reach the sternum. In the Toucans they are separate, and 
do not reach the sternum. In the Ilornbills and Screech Owl 
{ ^trix Ululd) they are united at their inferior extremities by car- 
tihige. In the rest of the class they arc anchylosed together 
mleriorly, and so constitute one bone, the furculurn or ^merry- 
thought.’ From the point of confluence a compressed process ex- 
tends downward in the Diurnal Raptorcs, the Conirostral Cantores, 
the kasoresy most of the GraUatores, and Natatores, in which a 
ligament extends from its extremity to the ento-sternum. The 
process itself reaches the sternum, and is anchylosed therewith 
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in the Pelicans, Cormorants, Grebes, Petrels, Frigate-bird, and 
Tropic-bird ; also in the Gigantic Crane, and Storks in general. 
In the Humming-birds, where the sternum is so disproportionately 
developed, the f urculum tex’rainates almost op])ositc the commence- 
ment of the keel, but at some distance before it ; it is of ef|ual 
length with the coracoid. As the principal use of this elastic 
bony arch 0])pose the forces which tend to press the humeri 
toward the mesial plane during the downward stroke of the wing, 
and restore them to their former position, the piers of the a^ch 
are stronger, and the .angle of their union is more open, as the 
powers of flight arc enjoyed in greater perfection : of this adjust- 
ment the Swifts, Goat-suckers, and Diurnal Birds of Prey afford 
the best examples. In the Eagle the clavicles are arched both 
forward and outward, much expanded above, with an articular 
surface for the fore part of the outer prong of the coracoid. The 
arch bpcoines narrower, and the bone itself Aveaker, as flight 
is feebler or less sustained ; in the GalUme the LI- is changed 
to the V-shape ; and at the point of confluence of the straight 
and slender ])icrs a process is continued, usually comprcssc'd, 
sometimes styliforin {Crax\ becoming almost obsolete in Ilemi- 
pixliuH ; in the Lapwing the process is at right angles to the arch. 
In Tachppetes the upper ends of the clavicles coalesce with the 
coracoids ; and the lower confluent ends expand into a triangular 
plate coalesced with the sternal keel. In the crested Pintado the 
a[)cx of the furculum is dilated and hollowed into a cup opening 
forward and receiving a fold of the Avindpipe.* 

In Birds the humerus has a smooth shaft, sub-elliptic in trans- 
verse section, with expanded ends, the proxlmar*^ one being the 
broadest. LengtliAvisc the bone is gently sigmoid, the proximal 
half being convex palinad, the distal half concave, Avith the phinc 
of the torniinal cx])ansions vertical, as the l)one extends along the 
sid(j the trunk from its scapulo-coracoid articulation backAvard, 
in its position of rest. 

The head of the liumcrus is an elongate, semi-oval convexity 
Avith the long axis transverse from the radial to the ulnar sides 
(vertical, as naturally articulated), and Avith the ends continued 

‘ xLiv*. no. itll, p. 271. 

2 I hero avail myself of the terms indicative of aspect and position proposed by 
Dr. Barclay, in his ‘ Anatomical Nomenclature.’ 

Proximal signifies the upper, distal the lower, end of the bone, as it hangs in Man; 
anconal is the posterior, palmar the anterior, surface, as when the palm of the'hand is 
directed forward ; radial is the outer, ulnar is the inner, side, according to the same 
position of the human arm and hand. Proximad^ palmad, arc adverbial inflections, 
meaning towards the proximal (upper) end, and towards the palmar (anterior) side. 
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into the upper and lower crests. Of these, the upper one, in tlic 
natural position of the bone, is on the same side as tlie radius, the 
lower more tuberous one is on the same side as the ulna ; the 
one marks the ^ radial’ side, the other the ^idnar’ side, of the 
bone. The side of the humerus next the trunk answers to that 
called ‘ anconal,’ the opposite side to that called ^ palmar.’ The 
oxi>anded, proximal part of the shaft on the palmar side, fig. G, 
is concave across, convex lengthwise^ on the anconal side it is 
con*vex across to where the ulnar ridge bends anconad near the 
pneumatic orifice. The radial crest answers to the ^greater 
tuberosity,’ and to the ‘pectoral’ and ‘ deltoidal ridges’ in mam- 
mals ; the ‘ ulnar ’ crest to the ‘ lesser tuberosity ’ and to the ridge 
for the ‘ latissimus dorsi,’ in mammals. In a few exceptions the 
shaft of the humerus is almost cylindrical ; in still fewer ( Apteno- 
(b/tes) it is flat ; in the Albatross it becomes triedral toward the 
distal end. * 

In the Vulture ( F. rnonaclms^ the ulnar crest forms a thick 
tuberosity at its proximal cud, projecting anconad, and ovei’- 
an’liing the ‘pneumatic’ ibramcn; it descends a sliort way ob- 
liquely palmad, decreasing in breadth, but still thick, convex, and 
tiauiinating obtusely. The radial crest better merits the name ; 
it extends twice the length of the ulnar one, down the shaft, to 
the palmar side, towards which the whole crest is slightly bent; 
its margin describes a very open or low, obtuse, angle at its 
middle part. A ridge upon the palmar side of its distal half 
iiulicates the boundary of the insertion of the pcctoralis major 
into the crest. At the middle of the anconal surface of the 
proximal part of the shaft there is a low, longitudinal ridge. The 
tul)erosity at the proximal part of the ridge gives insertion to the 
middle pectoral. 

At the distal part of the humerus a ridge on the radial sjde of 
the palmar surface, and a rising of the bone on the ulnar side of 
the same surface, diverge to the o})posite angles or tuberosities 
of the expanded end of the bone ; they include a shallow, sub- 
triangular concavity above the articular surfaces. These arc 
two, and arc convex. The radial surface is a narrow^ sub- 
elongate convexity, extending from near the middle of the palmar 
surface obliquely to the lower part of the radial tuberosity, where 
the convexity subsides ; it is very prominent at its palmar end, 
with ar groove on each side, the deeper one dividing it from the 
ulnar articular convexity. This is of a transversely oval or 
elliptical shape, most prominent palmad ; all the part of the end of 
Ihe humerus forming the two articular convexities is arS if bent 
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humeral tubercle for the radius, the fore-arm moves in a plane 
not quite perpendicular to the ])almar siirfiicc of the humerus. 
When the fore-arm is flexed and the wing is folded, the distal 
end of the antibrachium is near or in advance of the proximal end 
of the humerus ; the radius being superior and the ulna a little 
external as well as inferior. 

The radius is always the more slender bone of the two, some- 
times in a remarkable degree: its proximal end is expanded, 
subelliptic, mth a concavity for the oblique tubercle, and' a 
thickened coqvcx bordeb next the ulna for articulation wdth that 
bone : a little beyond that arti<?ular expansion is the tid)ercle for 
the insertion of the biceps. The shaft here becomes slender, 
usually subcompressed, Avith a slight bend, convex upward from 
the ulna ; the rest of the shaft, Avhich becomes subtriedral, shoAviiig' 
an opposite flexure toward the ulna, though very slightly marked. 
The distal end is rather more, though less equally, expanded, 
from the radial to the idnar side : rather flattened with one or two 
tendinal grooves on the anconal side, with a terminal transverse 
convexity for the scaphoid, produced palmad to articulate Avith the 
ulna ; Avith a tuberosity {Aquila) or ridge ( TaeJu/petes) on the 
radial side of the expansion. The orifice of the medullary artery 
in the non-pneumatic radius is on the ulnar side of the shaft about 
one-fourth from the proximal end, 

Tlic ulna is straight or with a single and slight curve, more 
marked in the shorter antibrachium of Gallince than in tiic long 
one of long-winged Avaders and SAvimmers. The proximal end is 
most expanded, and is obliquely truncate for the articular exca- 
vation adapted to the ulnar tubercle of tlic humerus : the obtuse 
angular production of tlie ulna, behind or anconad of the caAuty, 
represents in different degrees in different bii*ds the olecranon, 
but is ahvays short : an extension of the bone radiad is obliquely 
excavated for the head of the radius. The shaft of the ulna 
gradually decreases to near the distal end, Avhere the subtriedral 
is exchanged for the subcylindric shape. A ridge is developed 
beloAv the head on the ulnar side in Raptores, In birds ( Tachtj- 
petes, e.g.) in Avhich the ulna is pneumatic, the foramen is on the 
palmar surface a little 1)c1oav the head. On the ulnar and anconal 
sides of the shaft are the tAvo rows of quill-knobs (in Raptores) 
for the ^ secondaries ; ’ the anconal row is most marked in longi- 
pennate Natatores ; and is the only roAv in many birds. • But 
this character of the bird’s ulna is wanting in the flightless and 
some other birds. The distal end of the ulna slightly expands 
into a trochlear joint very convex from the radial to tlic 
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ulnar side^ rather concave from the anconal to the palmar side, 
and this chiefly at <the ulnar part of the trochlea. On the 
radial side of this trochlea, supj^orted by a tuberosity, is the small 
surfixee for tlie radius. The interosseous space, owing to the 
greater bend of the ulna, is widest in GallincR ; it is narro^ver and 
chiefly seen at the proximal half of tlie antibrachium in most 
other birds. The ulnar trochlea articulates with th*c hvo free 
carpal bones, one — the ^ scapho-lunar ’ — being wedged into the 
rifdial part, the other — ‘ cuneifonne ’ — into the ulnar part, leaving 
a small intermediate tract for the ^ magflum ’ which is confluent 
with the base of the mid-metacarpal. 

In the young Ostrich the metacarpm consists of three bones. 
The one on the radial side answers to that of the index-finger; it 
is very short, and supports a digit of two phalanges, the second 
phalanx being armed with a long curved and pointed claw*. The 
second metacarpal is tlie longest and largest, its base Ixjing in- 
creased by the confluence therewith of the ‘magnum,’ 'wliich 
presents a trochlear surface to the two proximal carpal s and to 
the part of the ulnar joint not occupied by them. The tliird 
metacarpal, answering to that of the digitus annularis, is bent, its 
extremity resting against that of the large and straight middle 
juetacarpal, with which it subsequently becomes anchylosed. 
The middle digit consists of three ])halanges ; the outer one of 
two phalanges. In all birds the three metacarpals, here seen to be 
distiiKjt, coalesce with one another and form a single bone, having 
an interesting analogy to the metatarsus, which likewise consists 
in all birds of a coalescence of the three bones supporting the 
corresponding toes, namely, those answering to the second, third, 
and fourth in the pentadactyle foot. 

The bones of the hand are developed in length, but contracted 
ill breadth. Tlie wedge-like adjustment of the free carpals is 
such as to restrict the movements of the hand upon the*arm to 
abduction and adduction, or flexion in the idno-radial plane, 
requisite for the outspreading and folding up of the wing. The 
hand of the bird moves thus in a state of pronation, without the 
power of rotation or of proper flexion or extension, i.e. in the 
ancono-palmar direction ; so that the wing strikes firmly and with 
the full force of the depressor muscles upon the air. 

The following state of anchylosis commonly exists in the meta- 
carpus : — The sliort ‘ index ’ metacarpal coalesces with the base of 
the ‘ medius ’ : the slender ‘ annularis ’ metacaj’pal anchyloses by 
its two ends with those of the medius which it equals in length. 
The ‘ index ’ supports one phalanx, usually terminating in a point 
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about the middle of the ^ mediiis ’ metacarpal. This supports two 
phalanges, fig. 19, s, s: the proximal one singularly expanded by 
a lamelliform growth from its whole ulnar side, excavated out- 
wardly for the attachment of primaries: the next ])halanx is 
smaller and ends in a point. The ^ annularis ’ metacarpal supports 
a short and slender pointed phalanx, Avhich in the Frigate-bird is 
closely joined, lengthwise, to the contiguous expanded phalanx 
of the mid-digit. 

The hand-segment is the longest of those of the pectoral limb 
in Swifts and Hummihg-birds : exceeding by three times the 
length of the humerus : and the bones have a ju’oportionate thick- 
ness. The inid-mctacarpal shows a series of large impressions 
for the distal ^ primaries ’ in Raptor es, and also a longitudinal 
tendinal groove on the anconal side. The metacarpal, fig. 19, r, 
and phalangeal, ib. s, t, bones, in the Penguin are flattened, like 
the antibrachial bones. 

The index digit in Struthio and the medius digit in Apteri/x, 
support each their chuv. The claw or spur, when present 
in other birds, e. g. Syrian Blackbird (31eruia dactf/loptera), 
Spur-winged Goose {Anser Gamhensis)^ Knob-winged Dove (Dz- 
(luncidus)y Jacana {Parra Jacana?)^ Mound-bird {Mcf/upodius^, 
Screamer {Palamedea)^ is developed from the radial side of 
the metacarpus or from the index digit. The Screamer has two 
spurs, the homotypes of the metatarsal ones in Pavo hicalcaratus. 
The claw upon the index digit of Archeoptcryx was curved and 
sharp ; and the remains of the unique example of this ancient 
fossil bird make dt probable that the hand had a second free 
unguiculate digit, perhaps the homologuc of the pollex.' 

Although tlie instances of these weapons and the occasional use 
of the wdngs in Birds not so armed, e. g. the Swan, show them in 
the light of means of attack, the bones of the pectoral limb in 
Birds are modified mainly for volant action ; the articulations 
restrict the movements of the several segments to the service of 
wings, and the processes for muscular attachments relate to such 
development and disposition of the moving forces as flight requires. 

The larger feathers which overlie, in a series, the humerus, arc 
termed, in ornithology, ^ scapularies ; ’ those still larger which 
overlie or are attached to the ulna are the ^ secondaries ’ or ^ wing- 
coverts ; ’ those which are attached to the manus are the ^ pri- 
maries,’ they are the longest : a group of feathers attached tc tlic 
stunted index digit^are the ^ spurious ’ or ^ bastard ’ feathers* 


* XV. p. 39, pi. 2, fig. 1. 
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The primary quill-feathers being the chief direct mechanical 
instrument in the displacement of the air, the segment of the 
limb supporting them is the longest and strongest in the most 
powerful flyers, e. g. Swifts and Hummers, in which the pri- 
maries arc proportionally longer and stronger than in other birds : 
but the various habits, habitats, and food of the feathered tribes 
are associated ivith different kinds o£ aerial motion Jnd call for 
corresponding modifications of the^ instrument : thus the Frigate 
and Tropic birds. Albatrosses, Terns, and other ablest flyers 
among the Natatores^ contrast strangely with tjie above-cited 
Volitores in the proportionate length of the brachial and anti- 
brnchial segments of the pectoral limb: whilst the powerful 
Kaptorial flyers show an intermediate more harmoniously ba- 
lanced proportion of the several segments. All these are rela- 
tively short and feeble in the heavier land birds which take but 
brief and occasional flights; and, as circumstances haveTendered 
this exertion less and less necessary, so the wings and their framc- 
w'ork have wasted away to the diminutive rudiments in the 
Apterijx, and to zero iu Dinornis, 

§ 130. Bones of the pelvic limb. — The segments of this limb 
do not wholly correspond with those of the pectoral one, the 
tarsus l)eiiig al)Ksent or blended with the tibia or the metatarsus, 
which immediately succeeds it. 

The/^^m 7 /r, fig. 34, 65, has a cylindrical shaft, which, when not 
straight, is slightly bent forward : it nearly equals the pelvis in 
length in the Apteryx and some Ground-cuckoos {Geococcyx^^ 
but is usually shorter ; it is very short in Difiornis elephantopns ; 
shortest of all and most bent in Colymhus : it is always shorter than 
the tibia, but in a minor degree in most Rasores, Scansnres, Volt- 
tores, Cantores, some Natatores ( Tachypetes), and the Apteryx. The 
head is hemispherical, proportionally small, and largely^ scooped 
out above for the round ligament which fills up the vacuity in the 
acetabular wall: it is sessile, with its axis nearly at right angles 
to that of the shaft : the articular surface is continued upon the 
upper end of the bone which expands as it recedes from the head, 
and usually rises above its level to form a trochanterian ridge 
extending from behind forward and there produced and continued 
a short way down the shaft. The outer (fibular) side coextensive 
with this ridge is rather flattened and impressed by inserticii- 
maVks of muscles. Rarely is there, as in Aptornis, a trochanter 
minor, situated a little below the head on the inner (tibial) 
side of the bone, or represented by a round rough surfixee, more 
anterior, as in Dinornis. Assuming its cylindrical or .subcylin- 
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drical form below the great trochanterian ridge, the shaft at its 
lower half expands transversely, and, in forming the distal con- 
dyles, also from before backwards, with a bend in that direction. 
The inner condyle begins anteriorly as a ridge, expanding into 
a convexity which attains its greatest breadth posteriorly, where 
it becomes more flattcnied. The outer condyle, commencing in 
the same maimer, is indented at its broad lower end by an angular 
groove, which, widening, divides the back part of the condyle into 
two convexities. Tlie inner of these is the broadc»st and most pro- 
duced, is applied to the outer facet of the tibia, and represents 
the ordinary outer condyle ; the more external convex ridge and 
the groove dividing it from the outer condyle arc adapted to tlie 
head of the fibula. Tiiis is the most characteristic part of the 
bird’s femur. The space between the anterior beginnings of the 
condyles is- the ^rotular’ channel: it is usually bi'oad and mode- 
rately concave transversely, convex lengthwise ; sometimes divided 
from, commonly continued into, the intercondyloid fossa which is 
marked with pits for ligamentous attachment. The inner side of 
the inner condyle is flattened, with a tuberosity at its niid-])art, 
and sometimes a second just above the hind })art of the condyle. 
There is usually a tuberosity above tlie hind end oi the fibular 
ridge, exterior to which the surface is sometimes flattened, some- 
times jnominent, in Dinornis impressed by a deep fossa. ‘ At the 
lower part of the outer condyle before the ^ fibular ’ groove begins, 
there is usually a small pit. The popliteal dej)ression is divided 
by a ridge from tlie intercondyloid one. The shaft shows inter- 
muscular linear ridges ; in Aquila one extends from the fore and 
outer angle of the cpitrochanterian articular surface to near the 
beginning of the inner condyle ; a second extends from the inner 
and back part of the upper third of the shaft to tlic tubercle above 
the back part of the inner condyle : the third shorter ‘ linca aspera ’ 
is at the’ back part of the middle third of the shaft near its outer 
side. In Dinornis a ridge continued from the anterior trochan- 
terian one bifurcates at the middle of the fore part of the shaft 
diverging to the beginnings of the two condyles. In Apteryx the 
two posterior linca3 asperas approximate at tlie middle of the shaft 
and then diverge to the condyles : in Dinornis they expand into 
tuberosities, or the inner one alone is continued as a ridge, but 
interrupted above the condyle : the inner ridge is strongly marked 
and continued to the condyle in Aptornis, The orifice of the 
medullary artery is f?t the back part of the shaft above its middle. 

» In Dinonm maximus tiic femur is 16 inclics in lengtli, and 6} inches across tJic 
distal end. 
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When the femur is jmeurnatic the proximal orifice is commonly 
anterior, near the trocliantcrian ridge': but in the Ostrich it i^s 
behind: the distal orifices when present are in the popliteal fossa. 
Of the two condyles the outer one is most prominent posteriorly, 
and, when the femur is held vertically, descends the lowest. In 
the flexion of the leg on the thigh this puts the ligaments on the 
stretch ; and, as they are partly elastic, the fibula enters its fossa 
at the conclusion of the bend with^om^what of a jerk. 

• The tibia^ fig. 34, 60, is the chief or longest bone of the hind limb, 
showing its extreme character in this respect in most Stilt-birds, 
especially the Argala and Flamingo, fig. 14, and its sihallest propor- 
tions in Volitoresy fig. 18, and the Frigate-bird, in which the tibia is 
not half the length of the skull. The shaft is straight and m.ainly 
subtriedral, expanded at both ends and most so at the up})er one. 
'rhis presents a semi-oval surface not quite transverse to the 
shaft, l)ut with the truncate margin raised toward the fore part of 
the bone, and more or less developed above the level of the un- 
dulating articular part. Of this the least marked is the almost 
flat reniform ^ eutocondylar ’ surface for the inner condyle, feebly 
hollowed near its back ])art which projects in that direction over 
the shaft ; it is divided from the smaller and less defined ^ ecto- 
coiidylar ’ surface for tliO outer femoral condyle by an inter- 
condylar ’ convexity. In advance of these the head of the tibia 
extends into a ^rotular’ process, usually extended transversely 
and truncate. From the fore or outer part of this process there 
descend two vertical ridges or plates : the one from near the inner 
or tibial angle of the rotular process is the ^^procncmial ridge,’ 
the other from the outer or libular angle is the ‘ ectocnemial 
ridge ; ’ they subside more or less gradually upon the shaft, and 
intercc})t a deep triangular concavity. On the outer side of the 
intercondylar tuberosity is a single surface for ligamentous union 
with the head of the fibula, and a little way below this there is a 
vertical ridge for close attachment to part of the shaft of that bone : 
below and behind the ^ fibular ’ ridge is the orifice of the medul- 
lary artery. From this j)oint the tibia maintains a uniform size 
usually to its lower third, where along a rough tract, in a line 
with the above ridge, the styliform end of the fibula terminates 
by close union or anchylosis. There the tibia begins to gain 
in transverse breadth, exchanging the tricdral for a transversely 
oval^ section, and it gradually expands in both directions to the 
distal condyles, which arc most developed from behind forward, 
in advance of the shaft. The inner condyle is \hc largest, usually 
in fore-and-aft, sometimes {Aquila) in transverse, extent. A 



78 


ANATOMY OF VEBTEBBATES. 


groove commencing near the lower end of the fore part of the 
shaft leads, deepening, toward tlie intercondyloid space : it is 
bridged over by a strong ligament, which becomes ossified in 
most birds : Parrots, Hornbills, and existing Cursores are 
ceptions. The position — median or submedian and direction — 
straight or oblique — of the precondylar groove, the presence and 
direction— transverse or oblique — of its bony bridge, the re- 
lative breadths, anteroposterior and transverse, of the distal end, 
the relative size of the intercondyloid space to the anterior paijts 
of condyles, — help in the determination of bird-affinities, when 
they have to be deduced from a fossil tibia.' The distal condyles 
commencing behind as ridges bounding an articular surface con- 


34 



rclvis and byucs of the leg, Loou 


cave across, increase in breadth and convexity as they curve to 
their anterior ends : these are more prominent than their posterior 
ridged beginnings, but in different degrees in different birds; 
and the inner condyle is usually the most prominent anteriorly : 

‘ See xix*. p. 204, pi. 3, for the illustration and application of the characters of 
the tibia in the determination of the affinities of birds indicated by that bone fossil. 
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thus the distdl end of the tibia is like that of the femur with 
the back of the condyles turned forward, and without the notch 
in either. 

Among the modifications of the proximal end of tlie tibia may 
be noted the production of the rotular process in the axis of the 
shaft two inches above the knee-joint in the Divers ( Colt/rnhus)^ 
fig. 34, k ; both pro- and ecto-cncmial ridges desceiuj from tlie 
fore part of the base of this process, the former extending half- 
way down the shaft of the tibia, the Albatross the pro- and 
ecto-cnemial ridges are much developed ;»but are still more so in 
the extinct Cnemiornis^ without corresponding production of the 
rotular or ^ epiciiemial ’ process. In the Ostrich this process 
extends forward, without rising above the level of the proximal 
surface, and contracting to its termination there divides into small 
pro- and ecto-cnemial processes; the latter tlie shortest and 
tuberous. The distal condyles are less produced anteriorly, com- 
mence more abruptly and are more produced posteriorly, than iji 
other birds : their articular surfaces arc so continuous as to leave 
no ^ intercondylar ’ space ; there is no tendinal groove or bridge : 
but a tuberosity above the middle of the confluent condyles. 
The articular surface of these being concave in one direction, 
convex in the other, forms a ^ trochlea,’ and the same in the con- 
joined parts of the distal condyles in other birds. It limits the 
movements of the next segment of the limb to one plane. 

liXiiiJibula, fig. 34, 67, is a styllform bone ending in a point below 
at various distances down the tibia in different birds. Tlie articular 
head is subcompressed, convex in the longer axis, slightly curved 
backward, hollowed on the inner (tibial) side: rather convex 
externally : the shaft shows the rough linear tract for attachment 
to the tibia: and there are sometimes tuberosities for tendinal 
insertions on the opposite side. 

The femur is ossified from one centre: the tibia has an e 2 )iphysis 
for the distal condyles ; the proximal end of the metatarsus is 
ossified from one centre, forming an epijdiysis which caps the ends 
of the three metatarsals that coalesce, first with each other, then 
with the cpiffliysis, to form the single compound bone. 

The trochlear epijfliysis of the tibia most resembles the astra- 
galus in those mammals (Kuminants, e. g.) in which the meta- 
tarsals coalesce. The terra ^ tarso-metatarsc ’ applied by some 
ornithotomists to the present segment, fig. 34, 68, imjflies the tarsal 
homology of the e 2 )ij)hysis ; the same might, more probably, be 
predicable of the distal one of the tibia ; but neither being demon- 
i^trated, I prefer to call the present segment the ^ metatarse.’ It 
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consists of the foot-bones of three digits coalesced, and often of a 
fourth ligamentously joined thereto. This always small and 
short seeming appendage is the distal end of the metatarsal of the 
‘ hallux ’ or innermost digit of the pentadactyle foot. The three 
coalesced bones are the metatarsals of the second (ii), third (iii), and 
fourth (iv) toes, fig. 31. In their original position the proximal end 
of the thiyd metatarsal Is behind those of the second and fourtli 
which meet in front of it. A fossa below the meeting shows, 
afterwards, two fore-and-aft canals which diverge to outlets ^t 
the back part indicativc*of the bi*eadth there of the middle meta- 
tarsal. Wh^n, as In Aquila, there are two foramina in front of, 
as well as two behind, the upper part of the metatarse, the inter- 
space of the former shows the extent to which tlic mid-metatarsal 
intervened betAvecn the others anteriorly, and tliis structure is 
concomitant with a great excess of the transverse over the fore- 
and-aft diameter of the proximal end of the metatarse. In most 
birds a fore-and-aft canal also remains to indicate the primitive 
distinction of the outer (iv) from the middle (ili) metatarsal near 
their distal ends. 

The metatarse, fig. 34, 6s, presents a proximal end with two 
articular cavities onto-’ and "ecto-condylar’) and the intercon- 
dylar space, a shaft with its processes, grooves, and perforations, 
and a distal end divided (save in Strutlno) into three trochlear con- 
dyles for the tlirec principal (ii, iii, iv) toes : in most birds, also, 
there is a rough depression on the distal half of the inner meta- 
tarsal, for that end of the innermost or first (i) metatarsal. The 
proximal end varies in the pro])ortions of its transverse and antero- 
posterior diameters, in the depth of its articular surfaces, and 
configuration of the intercondylar surface. As a rule the ento- . 
condylar surface is largest and deepest ; the ectocondylar surface 
is nearly flat in the Eagle. A tuberosity rises from the fore part 
of the«^ intercondylar space in birds w'hich sleep standing on one 
leg (Gfrdloi and some others): it passes into the corresponding 
space of the tibia, the bar anterior to which affords so miicJi 
resistance to flexion of the leg as counteracts the efiect of oscilla- 
tions of the body : it requires a muscular effort to bring the 
tuberosity over that bar, and tlic elastic lateral ligaments arc 
then put on the stretch ; but as soon as the bar is passed the 
tuberosity slips into the depression above with a sriaj) or jerk. 
One or more longitudinal ridges at the back of the upper end 
of the metatarsal arc called ^ calcaneal ; ’ they intercept or bound 
tendinal grooves which, in some instances, are bridged over by 
bone and converted into canals : the ridges may be expanded and 
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flattened.* In the Birds of Prey the metatarsal is most modified 
by the muscles and tendons operating upon tlic raptorial toes, 
''riierc arc three calcaneal processes, tlie innermost large, the 
two outer ones small and a2)proximate. The fore j)art shows 
a tuberosity for the insertion of the strong ‘tibialis anticus’ 
(fig. 35, 4s): below this is the process on the inner margin 
extending the surface of attachment for the metatarsal of the 
back toe (/). The trocldear ends^of the three confluent meta- 
tai^als arc nearly on tlie same level, the inner one is tlie 
broadest, the outer one the narrowest : each is produced, at an 
opposite angle, so as to bound the wide concavity behind this 
end of the metatarsaL In the King- Vulture {Sarcoramphm), 
the inid-trocldea is broadest and most produced: in the Snake- 
Vulture (^Gt/pof/eranm) with a metatarsal of stilt-likc length, the 
inner trochlea is shorter than the others and further apart. In 
im»st Owls the metatarsal is shorter in pro))ortion to its breadth 
than in diurnal Raptures • a bony bridge overs])ans the beginning 
of the tcndinal canal on the fore }>art: the outer tj’ochlca is the 
shortest and is bent backward and inward. In most Cantures 
and V^'otitores the distal end of the metatarsal is little expanded, 
and tlic three trochlcie arc of nearly equal length : in Podartjus 
and Daeelo the outer trochlea is the sliortest. In Cypsehis the 
troehleai teriiihiate on the same transverse line: in Trochllm the 
middle one is a little more prominent. In the short and strong 
metalarsal of tlic Parrot-tribe, the middle trochlea extends wholly 
l)clow the others, which are oblique and twisted, especially the 
oMl(»r one, liackward and inward : a like twist* is noticeable in 
most Hcausores^ es])ecially the Woodj)cckcrs and Cuckoos. In 
tlie spurred GaUime the weapon is supported on a conical process 
I’rom the back part of the metatarsal ; sometimes tliere are two, 
as in Pavu hie ale or at us. In all Rasores tlie mid-trochjca is 
longest; in Pigeons and Curassows the outer (u?) is shorter or 
higlier than the inner {ii) trochlea: iu the Tinamou and Syrrhaptes 
it is longer. In the Apteryx and tridactyle Cursores the mid- 
trochlea is largest, and extends by almost its whole length beyond 
the other two which arc nearly on a level. In St nit In o the inner 
metatarsal (//) terminates in a point near the base of tlic great 
trochlea (m): the outer trochlea (zw) is comparatively small and 
short. In Grallatores the mid-trochlea is longest, the other two 
of cqmil or nearly equal length in most: the inner (//) trochlea is 
the shorter in the Demoiselle Crane {Scops Vir^o); the outer one 

* xvr. vol. iii. part iv. (1846), pp. 321, 322; XLiv. p. 274, &c. 

VOL. II. 
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{iv) in the Woodcock (^Scolopax). In the Spoonbill {Platalcen) 
and Flamingo {Fhmiicoptems) the mid-trochlea is but little pro- 
duced beyond the others. The surface for the attachment of the 
innermost metatarsal (/) is raised well above the trochlear end o(‘ 
the next (ii) in most of those Waders that have the back-toe. 
Amongst Natatores the Albatross has the three trochleie nearly 
on the same level : in others the mid one is usually most pro- 
duced : in the Ganiiet and Pelican the outer trochlea is tlic 
shortest and furthest from the middle one. In the Guillcihot 
( Ufna) the inner troclilea (Ji) ends at the base of the mid one, 
Avliilst the outer trochlea is of nearly equal length with tlie mid 
one : in the Grcl)e { Vodiceps) the inner trochlea is the longest of 
the three : in the Loon ( Cohfmbus) it is the shortest : the meta- 
tarsal in this bird is much compressed, and the outer and inner 
trochlea are bent backward. The Penguins show the most in- 
structive modification of the metatarsal: it is very short and 
broad ; but the primitive divisions are to a great degree retained, 
especially on the fore part of the compouiul bone. The stunted 
or abortive metatarsal supporting the backwavdly directed toe 
consists of a tixjchlear articulation supported on a compressed 
stem, twisted, and obtusely pointed above, witli one margin 
thickened and rough for syndesmosis witli the next anchylosed 
metatarsal. This bone is best developed in the liaptorial birds 
and the Dodo,^ in which its length may exceed a Inurtli jiart 
of the length of the metatarsal segment: in Pigeons it is about 
the fifth or sixth jnirt that length : by the twist the bone forms a 
pulley upon whlcli the flexor tendon of the back toe plays. In 
the I)odo the distal expansion is increased by an obtusq process 
from the outer side of the trochlea; and this character is repeated 
in the ColumhidGt? In Gnllino! the trochlea is less expanded 
and the twist is feebly shown : it disappears in the still smaller 
loose metatarsal of Apteryx, PijtlapUnjx^^ and in many Natatores, 
in some of whicli it is represented by the ligamentous matter 
tying the sliort back toe to the metatarse. 

Both this (/) and its metatarsal are undeveloped in the larger 
existing Cwr.som’, the Bustards ( the Plovers {Charadicus)y 
tiie 'Jliick-knees {OMicnemus\ the Oystercatchers {Hccmatojmii), 
the Coursers ( Tacky dr omus\ and the Albatrosses {I)iojned(e,a and 
Tlaladroma), 

The toes of birds never exceed four in number, and of* these, 
three are usually. elongated and directed forward, diverging, while 


^ xxvr. 


xxvjr. j)l. 11. 


* xvr. vol. iii. p. 307. 
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one is sHort and directed backward. The hind toe articulates 
on the same plane as tlie others in graspinc^ and perching birds, 
but on a higlier level in terrestrial and aquatic kinds. By the 
analogy of the number of the phalanges of these toes with those 
in Lizards ( vol. i. p. 192, fig. 122) the back toe, fig. 34, /, is the 
innermost, answering to Miallux;’ the inner of the front toes, ib. 
«, is the second; the middle one, ib. ///, is the third 1 the outer 
one, ib. w, is the fourth : it wilt be seen that the number of 
])flalanges ])rogressive]y increases from two to five. The fifth 
loe of the four jdialangcs in the Motiitor'is not developed in any 
bird. The constancy of the number of ])halangcs in each toe is 
such that the toes retained in a tridactyle bird, e. g., Emeu, arc 
seen to be the second, third, and fourth; those in a didactyle 
bird, e. g., Ostrich, to be the third and fourth : and, although the 
latter is much the smaller and shorter toe, it retains its superior 
number of joints. Among the very few exceptions to this rule 
may be cited the outer toe of tlie CaprimuJgus and of tlie Swift, 
which has Init four phalanges; in the Swift, also, the innermost 
too is directed forward like the rest. The last phalanx in each 
toe is pointed, and usually curved, corresponding in some measure 
witli the shape of the claw it supports : the articidar ends of the 
plnihinges arc slightly expanded and (ioadapted with trochlear 
joints limiting motion to one plane. 

14ic chief of the sesamoid hones in the hind liml) is the patella : 
it is of unusual size in the Benguln, is ossified Iroiii two centres, 
and articulates with the procnemlal process of the tibia: it 
coexists with the long rotiilar process in the Loon, fig. 34, /; it 
is large and of an angular form in the Musk-duck {Biziura): in 
the Merganser the patella is largest and deeply notched ; in the 
(k)ot it is elongate. In most aerial birds a patella is wanting. 
A calcaneal sesamoid is wedged into the outer and back j>art of 
the ankle-joint in tlie Apteryx, and plays upon the back part of 
the tibial trochlea in the Turkey, Guaii, CurassoAV, and some 
other JRasores, 

Ossification normally extends" into tlie tendons of some of the 
muscles in most birds : e. g., of the deep seated spinal ones of the 
hack {Uria Troile and many others); of the muscles of the foot 
and toes ( OallincB). The bony plates at the corneal margin of 
the sclerotic tunic of the eye, and the coliimelliforin stapes of the 
car, arc appendages to sense-organs. Mr. AVilliam Home Clift 
discovered small ossifications at the attachments of the semilunar 
valves of tlie aorta and pulmonary artery in some Birds.* 


VII’. p. 331. 

c 2 
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CHAPTER XV. 

MUSCULAR SYSTEM OF AYES. 

§ 131. General Characters, — The muscular system of Birds is 
remarkable for the (llvstiuctiiess autl density of the fasciculi or 
visible fibres, the deep red colour of those chiefly employed in 
A'igorous action, and their marked separation from tlic tendons, 
Avhicli are of a pearly shining colour, and have a pecidiar 
tendency to ossification. This high degree of developeincnt re- 
sults fnftn the rapid circulation of very Avarm and rich blood, 
highly oxygenated througli the extent of the res])iratory system. 
The energy of the muscular contracition in this class is in the 
ratio of the activity of the vital functions, but the irritability of 
the fibre ra])idly goes after death. The elementary fibres are 
much snnaller and less shar])ly angular than in Keptdes ; the 
blood-vessels being more abundant and occupying more space in 
their ijitervals. 

These characteristic properties are manifested in the greatest 
degree in the muscles of the Volltores^ and of those Cautores that 
take their food on the Aving, as the Iliriindmidco ; in those of the 
Diurnal Raptores Uiid the long-Avingcd Palmipedes, as the Alba- 
trosKS, Tropic. Bird, &c. In the more heavy and slow-moving 
Herbivorous families, the muscles resemble those of the Reptilia 
in tlieir softness and pale colour. In birds of flight the me- 
chanicjjl disposition of the muscular system is admiraldy adapted 
to the aerial locomotion of this class ; the principal masses being 
collected beloAV the centre of gravity, beneath the sternum, beneath 
the ])clvis, and upon the thighs, tliey act like the ballast of a 
vessel and assist in maintaining the steadiness of the body during 
flight, Avhilc at the same time the extremities require only long 
and thin tendons for the communication of the muscular influence 
to them, and are thereby rendered light and slender. 

§ 132. Miiseles of the vertehree, — The muscles of the cervical re- 
gion are the most developed, as might be expected from the size 
and mobility oF this«part of the spine ; the muscles Avhich are situ- 
ated on the dorsal and lumbar regions are, on the other hand, very 
indistinct, feeble, and but slightly carneous ; they arc not, how- 
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ever, entirely wanting. In the Struthious and short-winged sea 
birds, in which the dorsal vertebra3 are unfettered by anchylosis, 
these muscles arc more fleshy and 
distinct, most so in the Aptenjx^ 


and will here be described as seen 
in that bird.^ 

The sacro-lumbalis is the most 
external or lateral of the muscles 
oT the back, and extends from the 
anterior Ijorder of the ilium to the 
penultimate cervical vertebra. It 
arises by short tendinous and car- 
neous fibres from the outer half of 
the anterior margin of the ilium, 
and by a succession of long, stro'ng, 
and flattened tendons from the an- 
gles of the fifth and fourth ribs, 
and from the diapophyscs of the 
third, second, and first dorsal vertc- 
brio ; also by a shorter tendon from 
tlnit of the last cervical vertebra; 
these latter origins represent the 
musculi aevessorii ad mcroAmnha- 
Ic.m ; to bring them into view, the 
external nnu'gin of the savro-lum^ 
baits must be raised. These acces- 
sory tendons run obliquely forward, 
expanding as they proceed, and arc 
lost in the under surface of the 
nmscle. It is inserted by a fleshy 
lasciculus with very short tendinous 
fil)rcs into the angle of the sixth 



rib, and by a series of correspond- 

mg fasciculi, Avhlch become progressively longer and more ten- 
dinous, into the angles of the fifth, fourth, third and second 


ribs, and into the parapophyses of the first dorsal and last two 


cervical vertebne: the last insertion is fleshy and strong; the 
four anterior of these insertions are concealed by the upper and 


outer fleshy portions of the sacroA?anhaU.s, \vhic\x divides into five 
elongated fleshy buudlevS, inserted successively into the diapo- 
physes of the first three dorsal and last two* cervical vertebne. 


> XXIV. vol. iii. p, 280, pis. 32 and 33. 
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These last inBertious seem to represent the continuation of the 
sacro-lumhalis in Man, which is termed the cervicalh descendem 
or ascendcjis. 

The loriffissimus dorsi is blended posteriorly both witli the 
sacro-lumhalis and the midti/ldns spime, and anteriorly with the 
outer portion of the spinalis dorsi. It extendKS as far forward as 
the thirteenth cervical vertebra. It arises from the inner or mesial 
half of the anterior margin of the ilium ; from a strong aponeu- 
rosis attached to the s])ines of the eighth, seventh and sixth dorsal 
vertebra) ; and from the diapophyses of the sixth, fifth, fourth and 
third dorsal vertebne. The carneous fibres continued from the 
second ongin, or series of origins from the spinous processes, in- 
cline sliglitly outward as they paKSS forward, and are inserted into 
the anapophyses of the first three dorsal vertebra), receiving ac- 
cessory fibres from the spinalis dorsi. The fasciculi from the 
diapophyscs incline inward, and are also inserted into the anapo- 
pliyses of the vertebne anterior to them ; they receive fibres from 
the iliac origin, and soon begin to form a series of oblique carneous 
fasciculi, which become more distinct as they are situated more 
anteriorly ; they are at first implanted In tlie vertebra next in front 
of that from which they rise, and then into the vertebra next but 
one in front : the most anterior of these tendons of insertions, to 
which can be traced any of the fibres of the main body o(‘ the 
lonffissimns dorsi is that which is implanted into the thirteenth 
cervical vertebra; it is tins tasciciilus which is joined by the first 
or most posterior of iha fascicnii ohlajui of the Ion (/ns colli posti(‘US, 

OlAijuns collif a series of oblique carneous fasciculi, evidently 
a continuation of, or part of the same system with those in which 
the lonfjissimus dorsi terminates antci'iorly, is continued between 
the cliapophysis of one Cervical vcrtelmi to the anapophysis or 
posterior zygapophysis of the next vertebra but one in advance, 
as far forward as the fourth cervical vertebra. This scries of 
muscles seems to represcTit tlie fransrersaUs colli, which is tlui 
anterior continuation of the lotu/issirnus dorsi in Mammalia, but 
it differs in being inserted into the oblique. Instead of the trans- 
verse processes. In the direction of their fibres these fasciculi 
resemble the semispinalis colli, but they are inserted into the 
oblique processes instead of the spines of the vertebrae. There 
arc no other muscles with which they can be comiiared in the 
Mammalia than these two, with neitlier of which, however, do 
they precisely cofrespond; they seem to vejirescnt the second 
series of oblique muscular fasciculi in the trunk of Fishes. 

The J asciculi obliqai which rise from the first two dorsal and 
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five lower cervical vertebrie arc joined near their tendinous termi- 
nations by corresponding oblique fasciculi of the longus colli 
posticus y and the strong round tendons continued fi'om the points 
of convergence of these fascicles are inserted successively into the 
|)()sterior oblique processes of the twelfth to the sixtli cervical 
vertebra inclusive; the two fasciculi next in succession receive 
no accessory fibres from the longus colli posticus \ the anterior 
one derives an extensive origin fiom tlie upper transverse j)ro- 
(*x^ses of the eightli, seventh, and sixth cervical vertebne. It 
must be observed, however, that the wluMe of each fasciculus is 
not expended in the strong round tendinous insertion above de- 
scribed ; the portion which arises from the anterior ridge of the 
diai)Ophysis passes more directly inwards than tlic rest, and is 
attached to the tendon which terminates the fasciculus ijuine- 
diately behind; at the middle of the neck these accessory filu’es 
approach to the character of. distinct origins. The teixlons of 
insertion, moreover, severally receive accessory fleshy fibres from 
the base of the zygapopliysis of the two vertebric next bcliiud ; 
and thus they Ijecome the medium of muscular forces acting from 
not less than fi ve distinct points, tlie power of w’hich is augmented 
by each temdon being braced down by tlie oblique converging 
series of muscles immediately anterior to it. The fascicidus from 
the eiglith cervical vertebra, besides its insertion by the ordinary 
tendon, sends off externally a small pyramidal bundle of muscular 
fibres which soon terminates in a long and slender tendon which 
is inserted into the oblique process of the third cervical vertebra. 
Corresponding portions of muscle are detacl-ied from the two 
anterior fasciculi, Avhich converge and terminate in a common 
slender tendon inserted into the posterior oblique process of the 
fourth cervical vertebra; and thus tenninates this complex muscle 
or scries of muscles. It is partially represented by the muscle 

in fig. 35 (Hawk). 

The longus colli posticus is most internal or medial of the super- 
ficial muscles of the dorsal aspect of the thoracic and cervical 
regions. At its posterior part it Kseems to be a continuation of the 
longissimus doi'si ; its medial and anterior part offers a strong 
analogy with the hiventer cervicis ; it is the homologiie of the 
first, or medio-dorsal series of oblique fibres of the muscular 
system in Fishes. It commences by long and slender, but strong, 
sul>cmnpressed tendons from the spines of the sixth, fifth and 
fourth dorsal vertebrae : these tendons gradually expand as they 
proceed forward and downward, and send off from their under 
surface muscular fibres which continue in the same course, and 
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begin to be grouped into distinct fasciculi at tlie base of tlie neck : 
the first of these bundles joins a fasciculus of the lom/issimiis dorsl, 
Avhich is inserted into the anapopliysis of the thirteenth cervical 
vertebra; tlie succeeding fasci(!uli derive their origins from a 
broad and strong aponeurotic sheet attached to tlie spines of the 
fourth, third and second dorsal vertebral: the second to the 
eighth fasciculi inclusive are compressed, broad, and fieshy, and 
arc inserted in the strong round tendons described in the pre- 
ceding muscle, and attached to the zygapophyscs of tlie tweirtli^to 
the sixth cervical vertebra' inclusive: the ninth fasciculus, ivliicli 
forms the main anterior continuation of the lonff 7 ts colli postlcuH^ 
is larger than the rest, and receives, as it advances, accessory 
fibres from the s]>inous ])rocesses of tlie seventh to the third 
cervical vcrtcbrie inclusive, and is inserted, partly fleshy*, partly 
by a strong tendon, into the side of the broad s|)ine of the 7:)cHchra 
dnittda^ A slender fasciculus is detached from the mesial and 
dorsal margin of the lonf/us colli posticus^ near the base of the 
neck, which soon terminates in a long round tendon, fig. 35, a o : 
this tendon is braced down liy short ajioiicurotic fibres to the spine 
of the fifth, fourth, third and second ccrvhjal vertebne inclusive, 
immediately lieyond which it again bei‘omes fleshy, and expands 
to be inserted into the occipital ridge: this portion is the rZ/Vyr/.s- 
trhpie or Invented' copltia of Cuvier, ib. c, o. 

In Roptorcs the carncous exceeds the tendln.'ms part of this 
muscle. Tlie displacement of the dorsal portion of the preceding 
muscle and the hrof/lsslmus doral brings into view the spinalis 
dorsl, which is a well-dcveloj)cd and distinct muscle in the 
Apteryx. It arises by tAVO long, narrow, flattened tendons fi*om 
the spines of tlie eighth and seventh dorsal vcrtcbrie : these pass 
obli<{iicly downward and forward, cx]>anding as they pro(*eed, 
and terminate in two fasciculi of muscular fibres: the posterior 
bundle*' jiasses forward beneath the anterior one, and inclining 
inward and upward, divides into two portions, inserted by long 
tendons into the s[>ines of the second and first dorsal vertebne ; 
it tlien sends a few fibres forward to join the outer and anterior 
fasciculus, which is partly inserted by a slender tendon into tlie 
spine of the last cervical vertebra: the rest of the fibres of the 
second fasciculus join the portion of the lonyisshmis dorsi Avhich 
is implanted into the jiosterlor oblique process of the last cervical 
vertebra. The three inserted tendons of the spinalis dor,s\i arc 
also tlie medium of attachment of fibres continued from the mul- 
tifidus spurn, beneath them. 

The series of muscles called nmUlJidus spime arises by fleshy 
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fibres from the cliapophyses of the five last dorsal vertebra!, which 
pass upward, forwai’d, and inward, to be inserted by four flat 
tendons info the spines of the seventh to the third dorsal vertebrie 
inclusive, and by the tendons of the spinulis dm-si. into the two 
anterior dorsal spines. 

OMujuo-spinalfs. The removal of the mult!/idux xpinm Inings 
into view a scries of long, narrow, flat tendons, coiuii/g off from 
the spines of all the dorsal vertebra!, and slightly expanding as 
tl-fty proceed forwards and oblicpiely downwards and outwards ; 
they become fleshy half-way from their Origin, and, are inserted 
into the posterior oblique and transverse processes of the six 
anterior dorsal vertebra!, and into the posterior oblique processes 
of the three last cervical vertebra). 

The mtirxpmirhs muscles do not exist in the region of the back, 
urdess we regard the jyreceding oblique filn’cs as a modified repre- 
sentation of them. The most posterior fascicidus of muscular 
fibres, which is directly extended betvvccn the spinous processes, 
commences at the interspace of the spines of the two last cervical 
vertebra), and the scries is eoutiiiucd as far as the wrtuhvii. dcutfitu. 

Inter irrtu‘nlnn>x. The muscles which form the more direct 
continuation of the ri/ild/ito-x/dualex are continued from the pos- 
terior zygsqiophysis of one vertebra to that of tlio next in front. 

0/>li(juo-friin..werm/,cx. A third series of deep-seated interver- 
tebral muscles is situated external to the prcceiling, and passes 
obli(iuely between the dia})ophysis and the posterior zygajiojihysis 
of the vertebra in front. These fasciculi appear to be a con- 
tinuation of the mnltijidnx sphue in the neck. * 

TItc in.tt‘rfrttii.<iver.si)./.c.s arc two series of short carneous fiisciculi 
passing the one between the diapophyscs, and the other between 
the parapophyscs. 

Levdtores c.oxtarum. The first or most anterior of this series of 
muscles seems to represent the xenlamx medms; it arises from 
both the di- and pleur-apophysis of the last cervical vertebra, and 
exjiands to be inserted into the first rib, and into the ujiper and 
outer part of the second rib. The remaining levatores succcssivciv 
diminish in size as they are jdaced backwards; they come off 
Iroin the diapophyscs of the first six dorsal vertebra); those lirom 
the first and second exjiand to be inserted into the rib atUiched to 
the same transverse process and to the one next behind ; the rest 
have n, single insertion : the angle and the part of the riB imme- 
diately beneath are the situations of their attaclnnents. 

Complexm, fig. 35, 7.^ This strong triangular fleshy muscle 
anses from tlie met- and di-aimpliyscs of the fourth, third and 
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second cervical \^crtebne, and gradually expands as it advanc(?s 
forward to be inserted into the occipital ridge, from the outer side 
of the insertion of tlie hicenter cervicis to the mastoid process. 

Jlccti capitis postici. These small muscles arc concealed by 
the preceding; they rise successively from the spines of the 
third, second and first cervical vertebnc, and expand as they 
advance to- be inserted into the occiput. 

l^rachclo-mastoideus. This strong, subdepressed carneous 
muscle ai’ises from the diapophyses of the fifth, fourtli, thfrd 
and second cervical vc^rtebra^, and is inserted into the parocci- 
pital. 

Loikjhs colli. This large and long muscle, whicli appears 
simple when first exposed, Is found to consist, when unravelled 
by further dissection, of a series of closely succeeding long, narrow 
fasciculi, arising from the hypapophyses of the sixth dorsal to the 
first dorsal, and from the ten posterior cervical vertebrae; and 
sending narrow tendons which increase in length as they arc 
given olf more anteriorly, obliquely forward and outward, to be 
insertcjd into the plenrapophyscs of all the cervical vertebne save 
the first two : the highest or foremost tendon is attached to the 
tubercle at the luidcr part of the ring of the atlas ; but this 
tendon is also the medium of insertion of five small fasclcidi of 
muscular fibres arising from the dia])ophyses of the sixth, fifth, 
fourth, third and second cervical vertebras. 

The rectus capitis auticus major is continued, or arises by as 
many distinct tendons, from the five superior tendons of insertion 
of the preceding unusclc ; these origins soon become fiesliy, con- 
verge, and coalesce j)rcvious to their insertion into the l)asc of the 
skull. 

The rectus capitis anticus minor is a strong fleshy compressed 
triangular muscle arising from the anterior part of the body of 
the first four cervical vertebne, and inserted into the basi- 
occi])ital. 

The rectus capitis lateralis arises from the diapophyses of the 
sixth to the second cervical vertebrae inclusive; it is inserted into 
the lateral ridge or tubercle of the basioccipltal. 

The oUiquus externus abdominis arises, fleshy, from the second 
and third ribs, and by a strong aponeurosis from the succeeding 
ribs near the attachment of the costal processes, and from those 
pi'ocessfe. The fleshy fibres are continued from this aponevirotic 
origin to nearly opposite the ends of the vertebral ribs ; tliey run 
almost transversely, very slightly inclined towards the pubis, to 
within half an inch of the linca alba, and there terminate, by an 
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almost straight, parallel line. In their aponeurosis of Insertion. 
The fibres of this aponeurosis decussate tliose of the opposite side, 
and adhere to the tendinous Intersections of the rectus beneath. 
The aponeurosis from the last rib passes to be inserted into a 
strong ligament extending between the free extremities of the 
pubic bones, leaving the abdomen, behind the last rib, defended 
only by the intcmial oblique and transversalis, ’ 

Tlie ohliquus internns abdominis^vi^o.^ from the whole of the 
anPerior and outer surface of the pubis; aponeurotic from tlie 
upper part, fleshy for lialf an inch from the lowev or ventral 
extremity: the carncous fibres run longitudinally, and cannot be 
distinctly defined from the intercostales on their outer border, or 
from the rectus abdominis on their inner or mesial border, which 
forms the medium of the insertion of the internal oblique. 

The rect7is abdominis is the medial continuation of the pre- 
ceding muscle, Avhicli arises by a strong, flat, triangular •tendon 
from the loAver or ventral extremity of the i)iibis and from the 
inter-pubic ligament : it soon becomes fleshy; the carncous por- 
tion is inten-upted by three broad, oblique, but distinct aponeu- 
rotic intersections, and is finally inserted into the sternum, 

Transcers(dis abdominis, A layer of loose, dark-coloured cel- 
lular tissue; divides the internal oblique from the transverse abdo- 
minal, except at its origin from the pubis, and for half an inch 
anterior to tliat part. The transcersalis then proceeds to derive 
carncous fibres from the inner surface of the ribs near their lower 
third; they pass obliquely upAvard and forAvard, and terminate 
by a regular, slightly concave line midway bct\Veen their origins 
and the extremities of the ribs; a strong aponeurosis passes thence 
to the linca all)a, but becomes thin at the pubic region, Avliere a 
mass of fat is interposed betAveen it and the peritonoiim. 

The diaidirafjm presents more of its mammalian character in 
the Apteryx* tlvm in any other known bird. It is perforated by 
vessels only, in consequence of the non-developement of the abdo- 
minal air-cells. The origin corresponding to that of the lesser 
muscle in Mammals is by tAVO strong and distinct, short tendinous 
]>i liars from the sides of the body of the last costal vertebra; they 
are united by a strong tendon or fascia, forming the anterior 
boundary of the aortic passage. The tendinous pillars may be 
ti aced forward for some way in the central aponeurosis, expanding 
without crossing ; they are then lost in that aponeurosis, which is 
]>crforated by the gastric arteries and veins, divides anteriorly to 

‘ XI*. vol. ii. pi. 52 ; vol. iii. pi. 36, p. 287. 
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give ])assagc to the gullet and the apex of the hearty expands 
over the anterior part of the thoracic air-cells, and becomes, at its 
lateral circumference, the point of attachment of muscular fibres 
arising from tlie inner surface of the anterior ribs, and forming 
apparently a continuation of the transversaUs ahdomiiiis. 

The apprndico-'costales * arise from tlie posterior edge and ex- 
tremity of the costal processes, and run down to be inserted 
severally into the rib posterior to tliat to which the process 
affording them origin is attached. These jn’occsses arc sup[)orted. 
by strong tjriangular aponeuroses continued irom their anterior 
and upper margins, severally, to the rib anterior to them. 

l"hc Inmtor caiidce arises from tlie posterior and superior ex- 
tremity of the ischium ; it is inserted into the spines of the caudal 
vertebra?. In birds with a posteriorly expanded sacrum, that 
bone aftVmls the chief origin to this muscle, fig. 35, lo. 

Tiha* adductor eauda* aapeidor is smaller than the preceding, 
with which it runs parallel; it rises below from the posterior 
extremity or tuber of the ischium, and is inserted into the pleura- 
j)Oj)hyscs of the caudal vertebra?. 

The adductor caudcc mferior arises from the tuber ischli and 
the ligament connecting this with the posterior extremity of the 
pubis. It is inserted into the diapophyscs of the caudal vertclira?. 

The depresitor caudoi arises, ib. I5, from the under part of the 
middle line of pelvis ; it is inserted into the inferior s}vines oi the 
caudal vertebra?. 

In birds of flight the ^ rcc trices/ or rudder-quills attached to 
the coalesced ami modified terminal vertebrie call for moving 
powers not devolo|>ed in the Aptcrf/x. 

The (juadratus coca/ph, fig. 35, ii, arises from the dia])0- 
physcs of the (toccygeal vcrtclirie, and is inserted into the shafts 
of the tail-quills, which it separates and raises. On the lateral 
aspect the pubn-rMccijpeus, ib. 12 , arises from the posterior margin 
of the pul)is, and inserted also into tlie sliafls of the e^rtcrior rco 
trlvcii\ it is by means of these muscles in conjunction with the 
quadratus and levator caiulie, that the Peacock raises the gorgeous 
plumes overlying the true tail-feathers. 

The Uio-coc.c.ppeus^ il). 13 , extends from the |)Ostcrior margin of 
tlife ilium to the last coccygeal vertebra, and to the small inferior 
tail-feathers. 

On the vciiti-al or inferior aspect of the tail, the muscles are in 
general more feebly developed than on the opposite side, except 
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in the Woodpeckers, where the tail, hy means of its sti(\' and 
pointed qiiill-featliers, serves as a prop to support the bird oi the 
]>er])endicular trunks of trees on which it seeks its food. In these 
the ib. 14, is of large size, extending from the 

lower edge of the ischiadic tuberosity, and from the diapophyses 
of the anterior caudal vertebi'aj to the hiemapoj>hyscs of the pos- 
terior ones, and to the sides of the ploughshare bone. • 

Of the 31fiscles of the. head, thosoAvhich arc attached to it for 
itsT^’cneral motions ha\ c already been described ; the remaining 
muscles of this part are devoted to the mov'cincnts of tjie jaws, the 
tongue, the eye, and the ear. 

The muscles of the jaws are chiefly modified in relation to the 
moveable (amdition of the upj)er mandible and tympanic bone, 
and the subserviency of the latter to the actions of these parts. 

'fhe temporalis, fig. 35, 17, fills the temporal fossa, which con- 
sequently indicates the bulk of that muscle in the dry skull. It 
arises from a greater or less extent of the temporal and parietal 
l)oiies, and, as it jiasses within the zygoma, becomes closely 
blended with the masseter; the united muscles derive an acces- 
sion of fibres from the lower part of the oihit, and are Inserted 
into the raised snpei’ior margin, rcjircsenting the coronoid jirocess ; 
and into the sides of the lower jaw from the articulation as far 
forward as the commencement of the hoimy bill. In the Cormo- 
rant, the osseous style, moveably articulated to the superocci|>ital, 
affords to the temporal muscles a more extensive origin. This, 
indeed, is its essential use,* for the muscles of the upper part of 
the neck are inserted into the occipital l)one, rflul glide beneath 
the ])osteri()r or superadded fasciculi of the temporalis. 

The lilvcaler maxillfe, ib. is, arises by two portions, the one 
from the lateral dci)ression, the other from the lower jiart of the 
liaroccipital ; they are inserted into the back part and anode of 
the lower jaw. 

The openers and closers of the mandibles present very slight 
ditfo renccs of bulk in relation to the developement of the parts they 
are destined to move ; their disproportion to the bill is, on the 
contrary, truly rcmai’kable in the Ilorn-bdls, Toucans, and Pe- 
lican, and the bill is but weakly closed in tlicso in comparison 
Avith the shorter-billed birds. 

The upper mandible Avlien moveable is acted on by three 
niuscles on either side. The first is of a radiated form, arises 
from the septum of the orbits, the fibres converging to be inserted 
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into the pterygoid near its articulation with the tympanic. It 
draws foi-Avard the pterygoid bonc^ Avhich puslies against and raises 
the upper jaw. 

tmtott/inpirnicu.H, or levator tympanic us^ arises from the side 
of the basisphenoid and is inserted into the fossa, on the inner 
surface of the tyrnpanic bone : in adducting tliat bone it pushes for- 
ward the ‘l:)terygoId, and, consequently, the upper inantlible in tlie 
same way as the preceding muscle, and assists in opening the bill. 

The yteryijoideiiH externns arises from the outer side of ^he 
orbital process of the tympanic, and is inserted into the mandible in 
front of the outer articular cavity. The pterygoidxns internus 
arises by a tendon from the fore part, and by fleshy fibres from 
the rest, of the depression upon the palatine bone, and is inserted 
into the inner part of the inflected angle of the mandible. This 
muscle draws forward the lower jaw. 

In the Cross-bill (Loxia cufunrostr a) there is a remarkable want 
of symmetry in tlie muscles of the jaws on the two sides of the 
head corrcsj)onding to their peculiar position. Those of the side 
towards Avhich the lower jaw is drawn in a state of rest (which 
varies in different individuals) are most developed, and act upon 
the mandibles with a force that enables the bird to dislodge tln.^ 
seeds of the fir-cones, Avhich conwStitute its food.^ 

The articulation of the loAver jaw is strengthened and its move- 
ments restrained by two strong ligaments ; one of these is extended 
from the squamosal to tlie outer protuberance near the joint of 
the loAVcr jaw. The Ksecond ligament extends from tlie hiiid end 
of the squamosal direc^tly baclcAvard to the )>osterior j)art of the 
inner articular depression of the lower jaw, and guards against 
the backward dislocation of the lower jaw. 

§ 133. Musdcit of the tcbigs, — Some of those inserted into tlio 
humerus, are j)rodigIously dcveIo])cd, and form the most charac- 
teristic part of the myology of the Bird. The muscles of the 
shoulder, however, are but small, and those of the distal segments 
of the wing still juore feeble. 

The Trapezius^ fig. 35, 20 , arises from the spines of tlie hnver 
cervical, and a varying number of the contiguous dorsal ver- 
tebra3, and is inserted into the dorsal margin of the scapula and 
the corresponding extremity of the coracoid. 

The rhomhoideuH lies immediately beneath the preceding, and 
is always single ; it passes in a direction contrary to the trapezius 
from the spines of the anterior dorsal vertebra', to the dorsal edge 
of the scapula. It lias no representative in tlie Apteryx. 
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The levator scMpuloi arises by digitations from the jdeura-* 
pophyses of the last cervical, and the first two dorsal vertebrae ; 
it is inserted into the posterior part of the dorsal edge of* the 
sca[>ula, which it jaills forwards. In the Apteryx it seems to be 
the most anterior portion of the series of fasciculi composing the 
scrratiis maynns antic us. This muscle, fig. 35, 21, is most de- 
veloped in birds of prey ; it arises by. large digitations from three 
or four of the middle ribs, and coi3;^rges to be inserted into the 
ej^remity of tlie scapula. 

The serrat'UH puwtis anticiiH arises by digitations fvoin the first 
and second ribs, and is inserted into the commencement of the 
inferior margin of the scai)ula. This is the largest of the muscles 
of the scajmla in the Penguins. 

A muscle, winch may he regarded either as a portion of the 
pcctoralis minor or as the analogue of the sitbclavius muscle, 
arises from the anterior angle of the sternum, and is inscited into 
the external margin of the sternal extremity of the corac(ud bone. 

The Hupra-sfyinatuSi il). 22, arises from the anterior and outer 
part of the humeral end of the scapula, and is inserted behind 
the largely develo])ed radial crest of the humerus. 

The muscle whicli seems to represent both the infra-spinatus 
and teres major, ih. 23, has a moi’e extensive origin from the 
scapula, and is inserted into the ulnar .tuberosity of the humerus, 
where it is closely attached to the capsule of the shoulder-joint. 

The suhscapularis arises from the anterior part of the inner sur- 
face of the scajuila, and is inserted into the ulnar humeral tubero- 
sity. It is divided into two portions by the petioralis minor. 

Tlic latissimus (torsi, ib. 24, is but a feeble muscle in Birds, and 
is constantly divided into two distinct sli])s. Tlie anterior portion 
arises, more superficial than the tra])czius, from the spines of the 
four or five anterior dorsal vertebne, and is inserted near the 
tendon of the deltoid into the outer sitle of the liuuierus. The 
])Osterior slip comes from the .spines of the dorsal vertebne above 
the origin of the broad abductor fc.muris, il). 40, and sometimes 
Iroui the anterior margin of the same mnsclc, and is inserted 
by a broad and thin tendon immediately in front of the pre- 
ceding portion. 

The deltoides, ib. 2G, arises from the anterior part of the scapula; 
also in Volitores and Cantor €s^^V(m\ the acromial end of the furcu- 
huu and the coraco-furcular ligament : a distinct fasciculus from 
the inner angle of the humeral end of the spapula ])asses over 
tlie os liumero-scapulare, or the humcro-sca[)ular ligament, to be 
inserted into the angle of the pectoral ridge; this portion is large 



96^ ANATOMY OF VERTEBRATES. 

and distinct in Doves ; ' where the hiimcro-scapular ossicle exists, 
a fasciculus therefrom, large in Owls, appears as a distinct origin 
of the deltoid, the main mass of wdiich muscle is inserted into tlie 
pectoral ridge from its angle distad. The deltoid raises and 
retracts the wing. 

Ilirds have i\\Q pectoralh muscle divided, as in many Maramals, 
into thrccf j)ortions, so distinct as to bo regarded as se])arate 
muscles ; they all arise from the enormous sternum, and act upon 
the proximal extremity of the humerus. ^ 

The Jirst. pr tjrent pectoral muscle^ ib, 25, is extraordinarily de- 
Axdoi>ed, and is in general the largest muscle of the body. In 
birds of flight it often equals in weight all the other muscles of 
the body put together. It arises from the anterior part of the 
outer surface of the clavicle or furculuin, from the keel of the 
sternum, and from the posterior and external j>art of the lower 
surface •of that bone; it is inserted by an extended fleshy margin 
into the j)almar surface of the pectoral crest of the humerus. It 
forcibly depresses the humerus, and, consequently, forms the 
principal instrument in flight. 

This muscle is very long and Avide in the Natatorcs generally, 
but in the Penguin, its origin is limited to the external margin of' 
the subjacent pectoral muscle, wliicli is here rcmarkal)ly develoi)ed. 
The great pectoral is very long, but not very thick in the Hasorcs. 
In the Jferonft it is shorter, but much stronger and thicker. Its 
size is most remarkable in the Humming-birds, Swallows, and 
diurnal Birds of Prey, Avherc it is attached to almost tlie whole 
outer surface of >he sternum and its crest, and has an extended 
iiiserticni. In the Ostricli its origin is limited to the anterior and 
external eighth part of the sternum, and it is inserted by a 
feeble tendon into the commencement of tlic pectoral crest of the 
humerus, to Avhich it gives a strong rotatory motion forAvards. 
In the Apteryx the pectoralia major ' is represented by tw^o thin 
triangular layers of muscular fibres attached to the under and 
lateral part of the sternum, and converging to be inserted into tlic 
proximal third of the minute humerus. 

The second pectoral muscle is situated in liirds of flight beneath 
the great pcc.loral ; it lias the form of an elongated triangle : it 
arises from the base of* the crest of the sternum and from the 
mesial part of the inferior surface of that bone ; it increases in 
size as it ascends, then again becomes suddenly contracted, passes 
upward and backward round the coracoid, between that bone and 
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the clavicle, then turns dowiiwarrl and outward, and is inserted, 
Heshy, above and in IVont of the great pectoral, into the n[)j>er ex- 
tremity of the himicral ercvst. 

Tlic intei*s|)acc Ixjtwcen the clavi(*le, coracoid, and scaj)iila, 
through which its tendon passes, serves as a pulley, by means of 
which the direction of the force of the carncous fibres is changed, 
jind although these fibres ascend frojii below toward their inser- 
tion, yet they forcibly raise the humerus, and thus a Icnator of the 
win^ is placed without inconvcnietuTc on the lower part of the 
trunk, and the centre of gravity proportionally depressed. 

In the Penguins, Guillemots, and Gulls, this muscle is almost 
llie largest of tlic three, occup3n‘ng the whole length of the ster- 
num. It is rcmarkaldc for the length and strength of its tendon, 
which is inserted so as to draw forwards the luimerus wllli great 
force. It is ])roportionally the smallest in the Baptores ; and is 
very small and slender in the Struthious )>lrds. 

W^e have already alluded to the use which the Penguin makes 
of its diminutive anterior extremities as water-wings, or fiiis : to 
raise these after making the down-stroke obviously rerjuires a- 
greater etfort in water than a l)ird of flight makes in rjiising its 
wings in air : henoc the necessity for a stronger devolopcmcnt of 
the second |)0(!t()ral innsclc in this ami other diving birds, in all 
of which the wings are tlic chief organs of locomotion, in that 
a^^tlon, aiul consequently require as powerful a developemcnt of 
lh(! ]iectoral muscles as the gcncx’ality of birds of flight 

The third pectoral tniiscle^ wliich is in general the smallc‘st of 
the three, arises from the anterior part of the stcrniun at the angle 
lujtween the hod\' and keel, and also a more extended origin, 
from the posterior moiety of the inferior snrfaee of the coracoid 
and the coraco-clavlcnlar memhrane; it is directed forwani, 
rising, to pass tln-ongh the scapnio-eoracoid trochlea; its tendon 
glides through a sheath, attached to the capsule of the shoidder- 
joint, and in some Iiirds to the oshimiero-sca])ulare ; and is inserted 
mto the radial tuberosity of the humerus which it helps to raise. 

It is proportionally large in the Penguins and Gulls, but attains 
ds greatest developemcnt in the Gallinaceous order. 

Above the preceding muscle there is another longer and more 
slender one, analogous to the cora(a)--lrrachialis. wdiich arises 
j nan the middle of the posterior surface of the coracoid ; its direc- 
tion upward is less vertical than that of the third pectoral, along 
the outer side of whi(jh it is attached to the anterior tuberosity 
ot the humerus. This muscle is wanting in tluj Slruthiouidcr, is 
^'f small size in the Heron and Goose, is much more devclo])ed in 
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the Raptores and many Natatores^ especially the Penguins, aiul 
attains Its greatest relative size in the Rasores, where it avisos 
from almost the whole of the coracoid eum. 

Birds ill general [lossess two flexors ai and one extensor 
27, of the fore-arm. They have also muscles corresponding to 
pronators and supinators^ but their action is limited in the feathered 
tribes to ^inflexion and extension of the fore-arm, and to addue.tlon 
and abduction of the haiid. 

A remarkable muscle, jiartly analogous in its origin to thc^cla- 
vicular ])ortion of the deltoid, but difterently inserted, is the 
tensor piled alar Is, \h. 3o, b, and forms one oftlie most powcrlul 

flexors of the cubit. It is divided into two portions, of which the 
anterior and shorter arises from the internal tuberosity of the 
humerus ; tlie posterior and longer fi*oin the clavicular extremity 
of tlie coracoid bone. In the Ostrich and Khea, however, both 
portions arise from the coracoid. The posterior musc.do, />, sends 
down a long and thin tendon which runs parallel witli the hu- 
merus, and is inserted, generally by a bifurcate extremity, into 
botli tlie radius and idna. The anterior muscle, a, terminates in 
a small tendon which runs along the edge of tlie a[)oneurotic cx- 
pansi«m of the wing. In this situation it becomes elastic; it 
tlum resumes its ordinary tendinous structure, passes over the 
end of the radius, and is inserted into the short confluent meta- 
carpal, u. It combines with the preceding muscle in bending t!i(‘. 
fore-arm ; and further, in conseijuencc of the elasticity ol* its 
tendon, puckers up the soft part of the fold of the wing. 

A lesser flexor of tlie fore-arm, and stretcdier of tlie alar meni- 
hraiie, ib. ai, arises, as a portion of the seri*atus inagnus from the 
ribs, and terminates in an aponeurosis inserted into tlie alar 
membrane and fascia of the fore-arm; it is represented in fig. oo 
as turned aside. 

T4ic extensor metaearpl radlalls lonf/us, ib. . 32 , is the firsl; 
muside which detaches itself from the external condyle of the 
humerus, s, and it forms the radial iiordcr of tlie muscular mass 
of the fore-arm ; it terminates in a large tendon about the middle 
of the fore-arm, and this tendon passes along a groove ot* the 
radius, over the carpus, to the phalanx of tlie metacarpal, s, into 
the radial margin of whicli it is inserted. It raises tlie hand, draws 
it forward toward the radial margin of the fore-arm, and rctaius 
it in the same plane. In the Pengiiiu this muscle is extremely 
feeble, and the tendon is lost in that of the tensor pllcoi a farls. 

The extcnnor Thpiucarpi radiaUs l/revis, ib. 3.‘i, arises below tJic 
preceding from the nlnar edge of the radius, and is inserted into 
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the phalanx of the thumb immediately beyond the tendon of the 
preceding muscle. The two tendons are quite distinct from one 
another in the birds of i)rcy, the Ostrich and Parrots, but unite 
at the lower cud of the fore-arm in the Anatid(Sy Fhasianidat, and 
(Irnidce. 

llie extensor carpi. ulnariSy ib. .34, comes off from the inferior 
extremity of the outer condyle of the humerus, passes* along the 
middle of the exterior surface of jlie fore-arm, and its tendon, 
afttr passing tlirougli a {)ulley at the distal end of tlie ulna, is 
inserted into the ulnar jdialanx. It draws the haiu] toward the 
ulnar edge of the fore-arm, and is the principal abductor or folder 
of the pinion. 

The Jie.wr metacarpi radialis, ib. 35, is a short and weak 
muscle, which arises from the inferior ])art of the ulna, descends 
along the internal side of that bone, winds round its lower extre- 
mity and the radial edge of the carpus, passes beneath the Tendon 
of the radial extensors, and is inserted, external to the latter, 
high u]) into tlic dorsal aspect of the radial phalanx of tlie meta- 
carpus. In the Ostrich it ai'ises from tlie lower third of the 
ulna. In the Penguin it is wanting. 

The Jiexor mctacarpi ulnarls^ ib. 3g, arises beneath the fore- 
arm from the internal pulley of the ulna, coniiiuies fleshy to the 
[)inion, and is inserted, first into the ulnar carpal bone, then into 
the ulnar phalanx. The latter insertion is wanting both in the 
Ostrich and IVmguin. 

The muscles of the jiinion or hand are few, and very distinct 
Iroin one another ; the index or spurious wdug moved by four 
small muscles, vi/. two extensors, an abdaetor, which draws the 
digit forward, and an adducto7\ The middle digit receives three 
short muscles, two of which arc extensors^ and the third an 
obductor ; in this action it is aided by one and opposed by anptlier 
of tlie extensors. The outer digit receives an abductor, which 
<xunes from the ulnar edge of the preceding phalanx. 

§ 134. Muscles of the Leps , — Tlic muscles of the pelvic limb are 
licre described chiefly as they exist in the Ajiteryx, in which they 
present their full dcvclojicrnent. The most supcrfudal of the 
muscles on the outer side of the leg is that very broad one wliich 
combines the functions of the tensor vaginae and rectus femoris^ but 
which, in the opinion of Cuvier' and Meckel is the homologue 
of the miyime plutmis maximiis externus): since, 
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bowcver, il; is exclusively Inserted into the leg, it is here descrll)cd 
with the other ninsdes moving’ that segment of the })(?lvic ex~ 
Iremity. "riie removal (»f this muscle, of the sartarlus^ and the 
bleeps eniris, is requisite to bring into view the true f/lnf.a;l, 

Ghitanis (\vferuus^ is smaller than tlie middle plntteu.s, but is 
relntively larger in the Apten/x than in birds of Hight. Ih^sides 
its origin from the outside of the ]>clvis, it overln])s ]>art (.>f the 
pluta'us wedlns^ and has its insertion into the femur at some 
distaiu?c below the great trochanter, all of whieli are mawl^ed 
characteristics of the (jiutevuH nuujnus. It takes its origin irom 
tlie superior margin of the os inuominatum, extends along an inch 
aud a quarter of that margin, directly above the hi|)-joinl, and is 
chiefly attached by distinct short tendinous tlu-eads, which riirs 
down u])on the external surface of the muscle : it rises also by 
carneous libres from the external surface of the os inuominatum 
for tlivee lines l)elow the siqjcrior margi]i. The fibres converge 
and pass into a tendinous sheet, beginning on the external surface 
of the muscle lialf-way down its course, which ends in a broad, 
fiat, strong tendon, inserted into a rising on tire outer sichj of the 
femur nearly an inch below the great trochanter. It abducts and 
raises the femur. 

Tile (/lutceiifi medliis^^ is a large, triangular, strong and thick 
muscle, wliich has an origin of three inchcws’ extent from the 
rounded anterior and superior mai’gin of the ilium, and from tlut 
contiguous outer surlace of the bone for an extent varying from 
an inch to eight lines. Its fibres converge to a strong, short, 
liroad and fiat tondon, inqilautcd in the external depression of the 
great Irochantiir, having a bursa mucosa inter])oscd between tlic 
tendon and tlic b«»uy elevation anterior to the dejn’cssion. 

T\\(i ijltfheas iitlnlinus^ below and internal to the preceding 
muscle from the anterior and inferior extremity, and from one 
inch and tlirce-fourths of the inferior and outer margin of tlie 
ilium, and contiguous external surfhee, as far as the origin of 
\\\e. (jlnta us medins; also by some fleshy fibres from the outside 
of the last rib. TJicse fibres slightly converge as they pass back- 
ward to terminate in a l>road flat temlon wliich bends over the 
outer surfiice of the femur, to be insert(;d iuto tlie elevation anle- 
rior to the attachment of the ^lutceus maynm, 

A muscle * wlfndi may be regarded citber as a distinct accessory 
to, or a strip of, the preceding one, arises immediately bcliiml h 
from half an incl; of the outer and inferior part of the ilium : 
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librcA riiii nearly parallel Avitli those of the (jlufmis mmhnm, and 
lenninate in a thin flat tendon, which similarly bends round the 
outer part of the femur, to be inserted into tlic outer and under 
|)art of the trochanter immediately below the tendon of iho, 
medim, Tliis muscle and the preceding ])ortion, or (flutcaus mini- 
ntns, are described by Prof. Mayer* under the names of (/fjdai ns 
ijaartus and fjlntams qnintus^ in the Cassowary ; one of them is 
absent in most Birds. ^ 

Usr, All the preceding inusclos combine to draw the femur 
forward, and to abduct and rotate it inward. 

IJincns internns. This is a somewhat short thick muscle, of a 
j)arallelograminic form, fleshy throughout ; rising from the tube- 
rosity of the innominatum in front of the acetabulum immediately 
below the t/lutceus minimus^ and inserted at a point corresponding 
lo the inner trochanter, into the inner side of the femur near the 
li(‘a(l of that bone, which it thus adducts and rotates outwards. 
This muscle is present both in the Ostricli and Bustard. 

Pf/nuin’didis. Tlie same kind of modification which aftects the 
d/(/cns intffrnuSy viz. the displacement of its origin from ihc inner 
surface of the ilium to a situation nearly external, affects this 
nuisch?. It arises fleshy from the outer siirfaco of the ischium for 
ihe extent of an incli, and conv'erges to a broad flat tendon which 
is Inserted into the troch(/nter ffrmoris op])osite, but close to, the 
tendon of the (jlntw.us minimus, which it opposes, abdiicling and 
rotating the femur outwards. 

The nd(/n(d(n' /}/rrds Jhnoris^ from the innominatum irn- 

nietliately behind ihe acetabulum, jiasses over the back part of 
the gri^at trochanter, becomes partially tendinous, and is inserted 
mto the back part of the femur in common with the following 
nuisclc. 

The addnvfor hiujns^ a long, broad and thin muscle, r^epa- 
rated from the jircceding by flic ischiadic nerve and artery. The 
origin of this muscle extends one inch and a (juarter from near 
the upper margin of the innominatum which is behind the aceta- 
bulum; it is joined by the preceding strij), and is inserted into 
die whole of the lower two-thirds of the back part of the femur, 
ihc adductor maf/nus'^ is a broad and fiat muscle, wliicli lias 
an extensive origin (two inches) from the outer edge of the 
r'cliimn and t lui obturator fascia ; its fibres slightly diverge as they 
pass downward to be inserted into the back part of tlie lower 
half of the femur, and into the upper and back* part of the tibia. 

“ xr, vol. iii. j)l. 32, E. ® Ib.pls. 32, 35, r. 
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The ohdurator internns arises from the inner side of the oppo- 
site margins of the pubis and ischium, wliere they form the 
posterior boundary of tlic (ddtirator foramen^ and from tlie corre- 
sponding part of tlie obturator fascia ; the fleshy fibres converge 
in a slightly pcnniforni manner to the strong round tendon which 
glides tinmigli the iiotcli, separated from the rest of the foramen 
by a sliort, strong, transverse, unossified ligament, and is inserted 
into the posterior part of the base of the trochanter. In its len^tli 
and size this muscle resembles the corresponding one in the 
Ostricb and' other Strutliious birds. 

Tlie f/eiucllus is represented by a single small fleshy strip 
arising from the margin of the obturator forameu^ close to the 
emergence of the tendon of the obturator iuternus, with which it 
is joined, and co-inserted into the femnr. 

The f/uadratus is a broad flcsliy imiscle wlricli arises from tbe 
pubis, below' tbe obturator foramen^ and which increases In hreadth 
to lie inserted into the femur internal and posterior to the obtu- 
rator tendon. 

Abductor m(f(/7fusd The largest and most remarkable of tlie 
muscles wbich act upon the bones of llic leg is that already 
alluded to as the most superficial of those on the outer side of the 
thigh. It has a broad, thin, triangular I'orin, and arises from tbe 
spines of the sacrum by a strong but short aponeurosis wrhicli 
soon liccomes fleshy ; the carncous filircs converge as they de- 
scend, and pass into a thin aponeurosis at the low'er third of the 
thigh: this is closely attached to the muscles heneatli (vastus 
(wternus and crurams), then spi’cads over the outer and anterior 
part of the knee-joint, is inserted into the patella, and into the 
anterior process of the liead of the tibia. 

Owing to the great antcro-posterlor extent of the origin of this 
museJe, its anterior fibi-es arc calculated to act as a flexor, its 
jiosterior ones as an extensor, of the femur : all together combine 
to abduct the thigh and extend the leg, unless when tliis is in a 
state of extreme flexion, when a few of the posterior fibres glide 
behind the centre of motion of the knee-joint. 

Sartorins,^ The origin of this muscle is characterised by an 

* Xi\ vol. iii. pi. 31, H. 

® They arc not divided into a superficial and deep layer, as in the Ostrich, but 
form a simple stratum, as in the Cassowary. Mi'.ckel regards the nicius femorin as 
entirely wanting in the Cassowary, supposing, with Cuvier, the present muscle to be 
the analogue of the ylqtaus maximus and tensor vagbup. united. ITe says that Profes- 
sor Nitzscli observed a like absence of the rectus femoris in the Emeu. Cuvier calls 
that muscle rcchis anticus fenwris, wliich is here described as the * pectineus.^ 

® xr. vol. iii. pl«. 3i and 35, i. 
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unusual cxteiisiou, like that of the ])rece(liug, with which it is 
posteriorly continuous : it comes off* aponeurotic, from the anterior 
Mud superior margin or labrum of the ilium; the fibres soon 
l)ecome flesliy, and the muscle diminishes in breadth and increases 
ill tl lick ness as it descends; it is inserted by short and strong 
tendinous filaments obll([uely into the anterior part of the tendon 
of the broad rectus, and into the anterior and inner ])art of the 
lieiul of the tibia. Its insertion IsTpartly covered by the internal 
head of the gastrocnemius. It bends and adducts the thigh, and 
extends tlie leg. 

The hoinologue of the biceps flexor cruris^ is a unicipltal 
muscle, corrcspoudlng with the abduetor magnns^ by the removal 
<»f which it is ex])oscd, in the characteristic modification of its 
extended origin, in relation to the great nntero-posterior develope- 
ment of the ])elvlc bones. Orig. By a broad and thin apoiuuirotic 
tendon, which at first is coidluent with that of the abduclor^ but 
soon becomes distinct, tiom tlie jiostcrior prolongation of tlic 
ilium: there is no second head from the femur. Ins, The tlesliy 
lilires coiivei’ge as tlujy descend along the back and outer 2)art of 
tlie thigh, and fimdly terminate In a strong round tendon, wliich 
glides through a loop formed, as in the common Fowl, Ostrich, 
&c., by a ligninent extended from the back of tlie outer condyle 
of tlie femur to the head of the tibia, and is inserted into the 
jirocess on the outside of the fibula. By means of the loop the 
weight of the hinder parts of the body is partially transferred, 
when the leg is bent, to the distal end of tlie femur ; aud the 
bicejis is cnaliled, by tlie same ]K*autifnl and simjilc mcolianism, 
to effect, a more rapid aud cxteiislvc intlcctlon of tlie leg than it 
otherwise could have produced by the simjdo contraction of its 
filires. 

The semimembranosus^ arises from the side of tlie aaudal 
vertebra), and from the jiosterlor end of the isehium ; It crosses 
the superficial or internal side of the semitendinosns. It is in- 
serted into the fascia covering the gastrovnemms and the inside 
of the tibia : througli the medium of the fascia it acts upon the 
tendon of the internal gastrocnemius. 

The semitendinosus^ arises from the posterior and outer part 
of the sacrum and the aponeurosis connecting it with the ischinm ; 
it is a ttattened triangular muscle, which receives the >S(]uare 
accessorius muscle from the lower and posterior jiart of the femur. 
It gradually diminislies as it descends, and having 


xr. vol. iii. pis. 31, 3*2, k. 


® lb. pis, 32, 35, 
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knee-joint, sends off at right angles a broad and square sheet of 
aponeurosis, wliicli glides between the two origins of the rjastro-' 
cnemius infernus, and is inserted into tlie lower part of the angular 
ridge continued from the inside of tlie head of the tibia, llic 
terminal tendon, continued from the a])ex of the muscle, tlieii 
runs along the outer oi* fd.)ular margin of tlie internal head of the 
ffastrncncniius^ and becomes confluent with the tendon of that 
muscle. 

The crurcvits^ is a simjdc but strong muscle: it eoinmenccs at 
the upper and autei'ior ])art of the thigh by two extremities, of 
which the outer and upper one, representing the vustus vriernns^ 
has its orio-iu extended to the base of the trochanter; the inner 
and inferior comes olF from the inner side of the femur, beneatli 
the insertion of tlie viofjnus'; the two [)()rti()ns l)lend into 
one muscle much earlier than in the Ostrich. It is inserted by 
the ligaiTKintum patelhe into the fore-part of the head of the 
tibia. 

The ' lies on the inner side of the vniranis, but more 
superficially ; it rises by two heads, one from the anterior and 
upper j)art of the femur, the other from the os pubis ; both soon 
become blended together and transmit a broad tliin tendon to be 
inserted into the lower and lateral part of the patella with the 
crurceus. 

Two other muscles succeed the preceding, and rise beneath it 
from the inner and anterior part of the femur ; they liave a 
similar insertion, and obviously represent the imstus infenuLs,'^ 
The fibres conv(‘rge to a middle a])oneiirosis, whieh increases to a 
strong short tendon, inserted into the iqiiier and anterior projec- 
tion of the tibia. 

FopUtras. This small muscle is brought into view when the 
siijierfieial imiseles of the leg which are inserted into the foot are 
removed. Its cariHions fibres extend from the fibula inward and 
downward to the til)ia. It is of relatively smaller extent than in 
tlie Cassowary. 

(.FLsfrorwnnhis, This comjilex and powerful muscle consists, 
as in other Birds, of several distinct ])orti()Tis, the chief of wliich 
corros]K)iid with the external and internal origins of the same 
muscle in Mammals. The (jastnHnunnins extjrrnus^ arises by a 
strong, narrow, ratlier flattened tendon from the ridge above tlie 
external coudylc of the femur, which, about an incli below Its 

* Tb. pi. 35 J r. 

‘ fb, pk 31, 32, IJ. 
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urigiti, becomes firmly attached to the strong ligamcntoiis loop 
attached by one end to the femur above the preceding tendon, 
and l)y the other to the outer ridge of the fibula. Tliis trochlear 
loop is lined by synovial membrane, and sii])i)orts the tendon of 
the hivepH cruris^ which glides through it. The carneoiis fibres 
of the external (jastro<yn(nnim come off from the outer side of the 
tendon, and trom the fascia covering the outer surface of the 
muscles of the leg: they arc confniucd In a somewliat penniform 
arrangement two-thirds down the leg, upon the inner surface of 
the mus(‘le, where they end in a strong subcompressed tendon. 
Tfhis joins its fellow-tendon, from the internal rjastrocjumins^ 
behind the ankle-joint, and botli expand into a thick, strong liga- 
mentous aponeurosis, wliich extends over three-fourths of the 
posterior ])art of the tarso-metatarsal bone. The lateral margins 
of this fascia are bent down under the flexor tendons behind the 
joint, and become continuous Avlth a strong ligamentous layer 
gliding upon tlic posterior surface of the distal condyles of the 
tibia, and attached to the tendons of tlio perourus and tihudls 
tint inis: the conjunction of the thickened tendons of the //a.y/7Y>- 
rvanni with this deeper-seated layer of ligaiuento-tcndinous sub- 
slaiice constitutes a trochlear sheath lined by synovial incinbrane, 
through which the flexor tendons of the toes glide. The synovial 
memhrane of* the ankle-joint is eontiniicd ujiward, lialf au inch 
above the articular surface of the bone, between it and the fibro- 
cartilaginous ])iilloy. Below the joint the margins are Inserted 
into the lateral ridges of the tarso-metatarsal hone, becoming 
gradually thinner as they descend, and ending below in a tliiji 
scniilnnar edge directed downward. 

The f/astrocnenii/is iitfernus^ has two powerful licads, one from 
the femur, the other from tlic tibia; the first arises fleshy from 
the Internal condyle of the femur, expands as it desceiuis, and 
receives additional fibres from the lowei* edge of the (icrrssoriiis 
snnifcndiwisL A l)Out one-fifth down the tibia this muscular origin 
in the right leg terminated hi a flattened tendon which became 
attached to the inner side of the tihial portion of tlie pnstrocnnnlus 
intcnuis. The second head, which is separated from the pre- 
ceding by the insertion of the scmitcuduiosus, arises ]>artly from 
the internal and anterior part of the strong fascia of the knee- 
joint by short tendinous fibres, whieli almost immediately become 
fleshy, and partly iVoni a well-defined triangular surface on the 
inner and anterior asjicct of the head of the tibia : the fleshy fibres 
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converge, receive the tendinous slip from the fcniorul portion, and 
end on the inner side of the muscle in a strong flattened tendon, 
about two- thirds down tlie leg : this joins the tendon of the (jas-- 
trocnenuus extarnm and is inserted as described above. 

The soleiis ^ is a slender flattened muscle arising from the 
posterior part of the head of the tibia, the tendon of which joins 
that o\' t\\i{ fffistro<mcmim interuus^ behind the tarsal joint. 

The Jiexor perforans dhiitoram ^ lies immediately anterior ^to 
the external (jastroenemuis \ it arises fleshy from the outer con- 
dyle of the femur, below the tendinous origin of that muscle, and 
terminates in a slender flat tendon half-way down the leg. Its 
tendon, fig. oO, oi, glides behind the tarsal joint througli the 
sheath of \\\q fjnstrornvmius^ expands beneath tlie metatarsus and 
bifurcates, sending its smallest division to the inner toe, ib. rri, and 
its larger one to bleiid with the tendon of the pernneuii w alias, 

7 ;c/ 7 yov//y/,v of tlie outer toe.^ This arises by very short 
tendons Iroin the proxijiial end of the fibula, and from tlie liga- 
ment forniing the bicipital jiulley ; it continues to derive a thin 
stratum ol‘ fleshy filn’cs from the fascia covering the anterior sur- 
face of tlie muscles of the leg: the llesliy fibres terminate lialf- 
way down the leg in a flattened tendon, which, after entering tlie 
gastrocnemial slieatli, pierces the tendon of tlie first perfort/fas of 
the middle toe, then runs forward to the outer toe, expands into a 
thick ligamentons substance beneatli tlie proximal phalanx, and 
sends oif two tendinous attaclmicnts on eacli side, one to the 
proximal, the other to the second phalanx, and is continued to be 
finally inserted info both sides of the third phalanx. 

Fh'xor prrforatus diijitoram ^ is the strongest of the three ; it 
arises fleshy from the posterior part of tlic distal extremity of the 
femur, above the cxti'riial condyle, juid also by a distini*! Hattcmcd 
tendon^ one ineii in length, from the proximal end of the tibia, 
fig. 3o, oO : this tendon, moreover, receives the long slender 
tendon, ib. 4i, sent off obliiiuely across the front of the knee- 
joint from the pccfiacus, by whicdi its origin is extended to tlui 
pelvis. This accessory tendon perforates the inner fleshy surface 
of the muscle, and is finally lost about lialf-way down the car- 
ncous part. Before the Jlf’xor j)erf oral as is joined by the tendon 
of the pectlneus, it subdivides posteriorly into four muscular 
fasciculi. The anterior division receives princijially the above 
tendon, and this division of the muscle hccomes wholly tendinous 
two-thirds down tlio leg ; its tendon passes through the posterior 

> XI . vol. iii. 1>1. 35, S. = lb. pis. 31, 32, 35, 1. ^ p, 32 ^ gr,^ 2. 

^ II). pis. 32, 35, 3, 4, 5, 6. 
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part of the pulley of the gastrocnemius, and expands as it passes 
along the metatarsus: a thick ligamentous substance is deve- 
loped in it opposite the joint of the proximal phalanx of the second 
toe, into ihe sides of which it is inserted, dividing for that pur- 
pose, and giving passage to the two other flexor tendons of that 
toe. The second portion of the jiresent muscle terminates in a 
tendon situated behind tlie preceding^ which passes *through a 
distinct sheath behind the tarsal jciint, expands into a sesamoid 
fibro-cartilage beneath the corresponding expansion tf)f the previous 
tendon, which it perforates, and then becomes itself the perfomted 
tendon of the second ])halanx of the second toe, in the sides of 
wliich it is inserted. The third portion of this muscle ends in a 
somewhat smaller tendon than the preceding, which forms the 
second perforatus Jlexor of the third or midjjLle toe. The fourth 
and most posterior portion soon becomes a distinct muscle ; its 
fleshy fil)res cease on the inner side, one-fourth down the leg, but 
on the outside they arc continued three-fourths down the leg ; its 
tiuulon passes through the gastrocnemial j)ulley beliind the ankle- 
joint, and divides io I’orm a sheath for the Jfcjvr perforatus of the 
fourth toe; it is then joined by the tendon of the peroneu^, wliich 
passes through a pulley across the external malleolus, and finally 
becomes the ticrforatcd tendon of the first phalanx of the middle 
or third toe. 

Pevtiueus {rectus antic us fhnorls of (hivier ^ and IMcckel^). — 
This is a long, thin, narrow stri]) of muscle arising from the spine 
of the pubis, anterior to the acetabulum, and passing straight 
down tlie inner side of the thigh; it degenerates into a small 
round tendon near the knee, which tendon, fig. 4i, traverses 
a pulley, formed by an oblique ])erforation in the strong rotular 
tendon of the extensors of* the leg, and thus passing across the 
knee-joint to the outer side of the leg, finally expands, and is lost 
in the Jlcxor perforatus (ligitoriim last described. It is this muscle 
which causes the toes to be bent when the knee is bent, as in the 
act of jierchlng. 

Peronens lour/us ® arises, tendinous from the head of the tibia, 
and hy carneous fibres from the upper half* of the anterior margin 
of the tibia ; these fibres pass obliquely to a marginal tendon, 
which becomes stronger and of a rounded form where it leaves 
the muscle. The tendon gives oft* a broad, thin, ajioneiirotic 
sheath to be inserted into the capsule of the tarsal joint ; it is 
then continued through a synovial pulley on the side of the outer 

* xir. p. 5‘J3. 
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rnallcohis, and is finally inserted or continued into the j)erforatcd 
tendon of the middle toe. 

The tihlalls (uitlcua, ^ fig. 35, 48, is overlapped and concealed 
by the jieroncus; it arises partly in coininon with that muscle, 
and partly by separate sliort tendinous threads from tlic outer 
})art of the head of the tibia : it gradually becomes narrower, and 
finally teiulinous two-thirds ol* the way down the leg; its strong 
tendon glides through the oblique pulley^ in front of the distal 
end of the tibia, expands as it jiasses over the ankle-joint, and is 
inserted into the anterior ])art ol* the proximal end of the tai-vso- 
njetatarsal bone, sending off a small tendinous slip to the aponeu- 
rosis covering the extensor tendons of the toes, and a strong 
tendon which joins the fibular side of the tendon of the following 
niiiscle. 

Extnisnr h/jff/ns dif/itorifUL^ This lies between the tlhidUa 
fuftiais and the tVont and outer facet of the tibia, from which it 
derives an extensive origin; its tendon commences half-way down 
the leg, runs along the anten'ior part of the bone, first under the 
broad ligamentous bajid rejaesenting the anterior j)art of the 
annular ligament, then through a ligamentous pulley, and inclines 
to the innci- or tibial side of the anterior surface of the metatarsal 
l.)one, where it expands and divides into three tendons. Of* these 
the innermost Is given off first, ajid subdivides into two tendons, 
one of which goes to be inserted into the base of the last phalanx 
of the second toe; tlie other portion is ])rincipally inscjrted into 
the middle toe, but also sends oft* a small tendon to the inner side 
of the proximal plialanx ol* the second toe. The second tendon 
is insei’ted by distinc.t ])ortions into the second, third, and last 
phalanges of thcmiddle toe. The thini tejidon supplies tlmoutcr toe. 

The r.r/ntsor hreris dHjlIunuu ^ is a small extensor musele wliich 
arises from the insertion of the tdflalia dutlms and sends its tendon 
to the outer side of that of the great extrnsor dir/dorum. 

Eidvnaor ]ndlU:is hridda? TJiis extensor of the small innermost 
toe arises from the upper and inner side of the tarso-metatarsal 
bone. 

P<‘r()nati< medius, Cnv., AcrcssoriuH Jlexons dif/itoruw, Vic(l. 
d-Azyr.'^ 'riiis strong penniform muscle arises fleshy from nearly 
the wliole of tlie outer surface of the fibula, also from the posterior 
[)art of the til/ia and the interosseous space; the tendon of the 
biceps ])erforatcs its iii)per part in passing to its insertion. It 

* xr. vol. iii. j>ls. 32, 8. * Tliis is ossified in most Birds. ® lb. pi. 85, 9. 

^ Jb. p). 35, 10. Jb. pi. 35, II. « Ib. pis. 32, 35, 12. 
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ends in a strong flat tendon at the lower third of the leg, which 
tendon runs through a particular sheath at the hack part of the 
tarsal pulle.y, becomes thickened and cxjianded as it advances 
forwards beneath the tarsus, joins the tendon ol‘ the floxor per fo- 
rafKS, and forms with it the expansion which finally divides into 
tlirec strong perforating tendons, which bend the last joints of the 
three long toes. 

In the outer, or fourth too, both the perforans and ])erf()ratus 
teadons are confined by a, double annular ligament; the exterior 
one being continued from the adjoining toe, the inner and stronger 
one from the sides of the proximal phalanx of the oufer toe. The 
second and third toes have two ])erf<»rated tendons ; one inserted 
into the sides of the first, and the other into the sides of the second 
phalanx. 

The chief inodlfication of the skeleton of the liind limh of Birds, 
in respei't of size and proportion, is manifested in its central 
segment; the ossa innominata being anornalonsly expanded in 
order to inchidc, as it were, in their grasp the Avhole of tlie very 
long sacrum required for the support of tlie liorizoutal trunk 
upon a single ])air of extremities. TIic jnincipal modificatitm of 
the muscles of the leg attached to the ossa innominata might 
1)0 expected, thcrefiire, to be found in their origins. In tlie at> 
tnehment of the fibres of a sujicrficial mnselo to the aiioncurosis, 
continued from the outer jiart of the tliigh, ON cr the knee-joint, to 
Ibe head 'of the tibia, wc recognise the oorres])on(ling insertion of 
the tensor vafiitKe fernoris of JMan and iMammals ; and no Com- 
parative Anatomist appears to liavc thought the anonialons dc- 
velo])ement and extensive origin of this imisclo, in Birds, to be 
any objection to the homology indicated by its insertion, which is 
the attachment that mainly govci’iis the function of a nnivsclc. 
Now besides the attachment to the femoral fascia, avc find tliis 
liroad superficial muscle, and esjiecially its middle and pcieterior 
fibres, terminating in a strong tendon, implanted into the upper 
part of the jiatella, and receiving fibres f rom the ernrwns and vosti 
nuiseles Avliich it immediately covers, and with which it concurs in 
constituting a epuulrieeps extensor of the leg. Hero, therefore, 
we perceive the normal insertion, the normal funclion, and the 
true relative jiosition of* the rectus fenioris. In calling this 
complex muscle ^ ahdnetor vittfjnus^ it is to be understood as 
including the liomologues of the tensor coffliKe femoris and reetus 
feotoris in Mammals, 

§ 135. Muscles of the Skin , — In the Apthn/x the cutaneous 
system of muscles iirescnts a distinct and extensive developcincnt 
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connected witli the peciiHar thickness of the integument, and 
probably with the burrowing habits of this species, wlueh thereby 
possesses the power of sliaking oif the loose earth from its pluin- 
Jlge, while busy in the act of excavating its chamber of retreat 
and nidification. 

The whole of the neck is surrounded by a thin stratum of 
muscular .filn-es, comtrictor coUiy^ directed for the most part 
tran^sYerselv, and extending from an attachment along the median 
line of the skin at tlie back of the neck, to a parallel raphe on die 
median line of the opposite side : this muscle is strongest at its 
commencement or anterior part, where the fibres take their origin 
in a broad fasciculus from the outer part of the occipital ridge ; 
these run obliquely downward and forward on each side of the 
neck, but are continued uninterruptedly with those arising from 
the dorsal line of the skin above mentioned ; the direction of the 
fibres Insensibly changing from the obli<{ue to the transverse. 
The outer surface of this muscle is attached to the integument by 
a tliin and dense layer of cellular tissue, devoid of fiit ; the under 
surlace is more loosely connected wdtli the subjacent parts by a 
more abundant and finer cellular tissue. 

Use. To brace the cervical integument, raise tlic neck feathers, 
and in cumhinatioii with the Ibllowing muscle to shake these 
parts. This muscle is well developed in the emeu, and acts when 
the drum-like dilatation of the wiiidpi])e is sounded. 

The arises fleshy from the })ostcrior incurvtal 

angular ])rocess of the sternum, from the ensiform ])rolongatioij 
and middle line of the outer and posterior surface of the same 
bone. The fibres ]^ass forward, and, diverging in gently curved 
lines, ascend u[)on the sides of the broad base of tlie Jicck, and are 
inserted by a thin but strong fascia into the median line of the 
dorsal integument. This muscle is a line in thickness at its 
origin, but becomes thinner as it expands ; the anterior part is 
covered l)y the j)osterior fibres of the comtrietor rollL 

Use, To retract the skin of the neck, and brace that portion 
which C(n'ers the base of the neck; when these are the fixed 
points, it will depress and protract the sternum, and thus aid in 
inspiratioii. 

Ohs. In its position and the general course of the fibres, this 
muscle is analogous to that which supports and assists in empty- 
ing the crop in the common fowl; but the oesophagus presents no 
partial dilatation in the Apteryx. 


xr. vol. iii. pis. 31, 34, «. 
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The sterno-niaxillariii ^ appears at first view to be the anterior 
continuation of tlic preceding, but is sufficiently distinct to merit 
a se})arate description and name. It arises flosliy from the 
anterior part of tlic middle line of the sternum, passes directly 
forward along the under or anterior part of the neck, expanding 
as it proceeds, and gradually separates into two thin symmetrical 
fasciculi, winch arc insensibly lost in tlie integument covering the 
throat and the angle of the jaw. It adheres pretty closely to the 
central surface of the (uni,strictor bolli, along which it passes to its 
insertion. It retracts llie fore-part of the skin of the neck, and 
also the head. Each lateral portion acting alone \fouId incline 
the head to its own side : the Avhole muscle in action would bend 
the neck ; but the movements of the head and neck arc more 
adequately and inunediately provided for by the appropriate 
dee])er-seatcd muscles, and the immediate} office of the present 
muscle is ol)viously connected with the skin. N\*vcrtheless, in so 
far as this muscle acts upon the head, it |)rodiices the same move- 
ments as the sti'rno--mastol(lms in Mammalia. 

Tlio skin covering the dorsal aspect of tlie lower two-thirds of 
the neck, besides being acted iijxm by the (xmstrivtor colU, is 
braced down by a thin stratum of oblique and somewhat scat tered 
fibres, wliich take their origins l)y fascia) 

attached to the inferior transverse t)rocesses of the sixth to the 
twelfth cervical vertebra) inclusive; the fibres pass obliquely 
upward and backward, and are inserted l)y a thin fascia into the 
median line of the skin, covering the back of the neck. 

I'lic rc|)rescntative of the pla(f/sma tnpoukal is a thin trian- 
gular layer of muscular librOsS, taking their origin from the outer 
side of the ramus i>f the jaw, and diverging as they descend to 
spread over the throat, and meeting tlieir follows at a middle 
raphe of insertion beneatli the upper larynx and beginning of 
the traclica, which they thus serve to comj)rcss and support.* 

The dermo-spiualh arises by a tliln fascia from the ends of the 
spinous processes of the three anterior ilorsal vertebra). '^Phe 
fibres slightly converge to be attached to the integument covering 
the scapular region. 

Tho dermo-iUa&ns arises fleshy from the anterior margin of 
the ilium. The fibres i)ass forward and slightly converge to be 
inserted into the scapular integument. 

Tlie dermo-coskdis is a muscle resemiding the preceding in 
form. It arises fleshy, from the costal appendages of the seventh 


xr/vol. iii. pi. 34, e. 


- Tl>. pi. 34, fig:. I, ff. 


Il». pi. 31, t'. 
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and eighth ribs. TJie fibres pass forward and join those of the 
preceding muscle, to be inserted into the scapular integument. 

The three preceding muscles arc broad and thin, but well- 
defined; they Avould ajipoar to influence the movements of tiu; 
rudiuientary spur-armed Aving through the medium of tlic integu- 
ment, as jiOAverfully as do the rudimental representatives of the 
true muscles of that extremity. 

There arc also t Avo musch^s belonging to the cutaneous series, 
and inserted directly into the bones of the Aving. One of thgso, 
the ilennn-uhtarliiy is a small, slender, elongated muscle, Avliich 
takes its orfglii irom the fascia beneath the denno-costaUs ; its 
fibres ])ass backward, and converge to terminate in a very slender 
tendon which expands into a fascia, covering the back ])art of the 
elbow-joint. It extends the elbow-joint and raises the Aving. 

The dcrmo-hnuieralia is also a long and narroAV strip, deriving 
its origin from scattered tendinous tbreads in the subcutaneous 
cellular tissue of the abdomen : it ])asses upAvard, outAvard and 
forward, and is inserted fleshy into the proximal part of tluj 
liumeriis, which it serves to depress. 

The cutaneous muscles Avhicli spread the plumes of tlie pea(!Oclv 
and raise the hackles of the cock are unusually developed in these 
birds. 

§ 1116. Locomidkm of Birds. — Upon land, the trunk is ba- 
lanced liorizontally on an axis traversing the aceta))ula per])cn- 
dicidarly to the ])lane of the medial section. The centre of 
gravity is ))roiigbt Avitbin the base of su|)p()rt by the advanced 
position of the tlngb-joints in the pelvis, and by tlie transference 
of the Aveight from the femoral beads by tin* sliafts inclining for- 
Avard to the heads of the tibia;. The area of the base of support 
is adjusted to the same end by the anterior extension and diver- 
gema; of the three longest toes. Oii tliis l)ase the stilt-like l(;g 
of the crane, rising like a straight slender column to the ca])ita1 
formed by the licad of the tii)ia, is ca[)al)lc, by an oiitAvurd as 
Avell as backward course of the femur to its joiut-cup, of sus- 
taining the body siiigly : the neck of the bird being so bent, and 
the bead so dis])osed, as to throw the centre of gravity over the 
vertical line passing through the base of support. Thus sleep 
the Grall(e and allied Palmi])eds (Flamingos, Anserines), adjusting 
by reflex a(!tion the superincumbent weight as they may be 
swayed by the Avind on the loiig and taper pedestal. [71 standing 
on two feet, the tibia and metatarse arc usually, in Birds, bent at 
an open angle. 

Progi^ession on land is eftbeted in most Birds by alternate ad- 
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vanceinoiit of the right and left leg ; the body is snp|K)rted and 
pushed forwaixl by one as the other leg is raised and swung 
forward to the stej> in advance; the centre of gravity oscillating 
laterally, in a degree corresponding with the breadth of the pelvis 
and shortness of tlie legs, and wliieh is such as to cause the ^waddle’ 
of the Duck. The forces acting on the centre of gravity are 
preserved in equilibrio, during the wtdk, by moveinents of the 
neck and head, conspicuous in ppidtry ; and, in Hails and Coots, 
also by inovenients of the tail. Most Cantores advance both legs 
at once, and jirogress by leaps or hops, the joints being first 
flexed and the body pro])elled by tlieir sudden extension. In 
Volitores the legs merely support or susj)cnd tlic lK)dy, and loco- 
motion is Avliolly performed by the wings. Some birds d<v*rive 
assistance in ra])id terrestrial progrcssimi by the flapi)ing of the 
wings, and this is especially the case with the Ostrich, which 
runs hy the alternate advancement of its legs. 

'flic act of elinil)i)H/ is ])er formed I>y means of a peculiar dis- 
position of the toes, the fourth usually being bent back like the 
llivst ; hut sometimes, as in Trogons, the first and second toe are 
opposed to the tliinl and fourth. The grasp of sucli ‘ scansoriar 
foot may he aided hy ])rc‘hcnsion with the beak, as in the Mac- 
caws and l^iiTots ; or by the ])ro[) formed l)y the stiff tall-fefitliers, 
as in the \V^oodpcekcrs. 

Birds float by the s]>GeIfic levity of their body, arising from 
tlic extension of tlic air-cells and tlie liglitness of tiie jflumage ; 
but to swim rcrpiircs an expanse of sole, either by marginal 
membranes of the toes (Water-rails, Coots), or •by the extension 
of webs between and uniting the toes. In such true swimmers 
the under side of the trunk is boat-shaped, tlie doAvn is thick and 
covered by closely imbricated well-oiled feathers, the bulk of the 
l)ird being enlarged and its specific gravity diminislied hy the 
air intercepted in the plumage. Much of the body is tluis sus- 
tained al)ove the water by hydrostatic jiressiirc, and muscular 
action is needed solely for the horizontal movements. The broad 
oars, acting at the end of a long lever, strike the water backward 
witli great force, the webs lieing fully expanded ; but they 
collajise, the toes coming together, in the forward movement, and 
in some of the best swimmers {^Coh/mlnis e. g.) the metatarsal is 
compressed to further diminish the resistance in preparing for the 
next oflective stroke. The oar-like action of the hinder legs is 
further favoured by their backward position in Nafatorcs\ 
and by the metatarsc and toes being placed almost on the same 
perpendicular line with the tibia, an arrangement, however, which 
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is unfuvoiiniblc for walking. Swans partially expand tlielr wings 
to the wind wdiile SAvimnung, and tluis move along the water by 
means of sails as Avell as oars. The act of divimj is performed 
by the feet striking the Avatcr backward and npAvard, assisted by 
tlie comj)ressioii of tlie air-cells: the habitual divers (l^enguins, 
Awks) move in and through the neater by the rapid and forcible 
action of wings, shortened and shaped like i)addles, and beating 
the Avater as in fliglit. 

FUf/ht^ the cliief and (haractcristic mode of locomotion in birds, 
results principally from the construction and form of the anterior 
extremities. The form of the ))ody lias reference thereto, the 
trunk lieing an oval Avith the large end fovAvard : being also short 
and inflexildc, the muscles act with advantage, and the centre of 
gravity is more easily changed from above tlie feet as in the 
stationary position, to between the Avings as during flight. The 
long and flexible neck com])ensates for the rigidity of the trunk, 
and alters the poise according to the required mode of progression, 
by simjily projecting the liead forAvard, or draAvIng it back. The 
head of the bird is generally small, and tlie beak pointed, Avhich 
is a commodious form for dividing the air. The ])osition of the 
great pectoral mnstdes tends to kciep tlic centre of gravity at the 
inferior part of tlie trunk. The ])o\vcr which birds enjoy of 
raising and supporting tbemselves in the air is aided by the 
lightness of the body, Tlie large and usually air-filled cavities 
in the bones diminish their weight Avithout taking away from their 
strength, — a holloAV cylinder binng stronger than a solid one of 
the same weight liud length. But the specific levity principally 
de[>cnds on the great air-cclls which occupy almost every part of 
the body. Tlie air Avliieh birds inspire distends these cells, and is 
rarifi(’d by tlie lieat of tlie body. Lastly, the feathers, and espo- 
cially^tlic quills, from tlieir lightness and elastic firmness, contri- 
bute poAVorfnlly to the act of flying by the great extent Avhich 
they give to live wings, the lircadtli of wliicli is further increased 
by the expanded integument situated in the bend of the arm and 
in the axilla. 

\Ylion a bird conmiciiccs its flight it springs into the air, eitlicr 
leaping from tlie ground, or ])recipitating itself from some elevated 
point. During tliis action it raises the humerus, and therewith the 
entire Aving, as yet imfoldcd ; it next spreads the wings horizon- 
tally by an extension or abduction of the fore-arm and hand : the 
greatest extent of surface of the Aving being acquired, it Is 
rapidly aiid forcibly depresKsed : the resistance of the air thus sud- 
denly struck occasions a reaction on the body of the bird, av1u(^ is 
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thereby raised lii the same manner as in leaping from the ground. 
The impulse being once given, the bird folds the wings by bending 
the difterent joints, and raisCvS them preparatory to another stroke. 

Velocity of fliglit depends upon the rapidity with which the 
wing-strokes succeed each other; and the ratio of the resist- 
ance of the air is not as the velocity simply, but as the square 
of the velocity. A downward stroke would only tcifd to raise 
ilie bird in the air; to carry it forward the wings require to be 
moved in an oblique plane, so as to strike backward as well as 
downward. The turning in flight to the right or to ilie left is 
])rinci])ally etrected by an inequality in tlic vibrations of the wings, 
'fo wheel to the right tlic left 


wing must be plied with greater 
lr(?quency or force, and vice versa. 
The oiits])read tail contriluites 
to sustain tlic posterior jiart of 
the body ; and, its plane being 
horizontal, serves cliiefly liy its 
movements to lift or lower the 
head. If a bird, Hying in the 
dircclion of its axis, fig. 36, 
brings the tail into tlie position 


Action of tfiil in (li^'hl. cxx.vi. 



h h, parallel to o n, tlie resistance of the air will depress b toward 
//, and, causing the bird to rotate on its centre of gravity c, will 
raise the head from ff towards /. If the tail be moved into the 


position b i, parallel to I /t, the resistance of the air will raise the 


])oint h toward n and dejiress the head toward *o, 11 y partially 

folding the fan, or bending tlic tail to one side, it may he made 
to act like a rudder in tlio manifold modifications of the course of 


flight. In Waders and Anserines the tail, represented by the 
caudal quill feathers, is very short, and the offic'.e of the ruddier is 
transferred to the legs, which are extended backward in flight, 
and countcrhahince tlic long outstretched neck and head. 

In deseeudiug from a great height birds usually incline the 
axis of the body obliquely downward, as in fig. l,thc resistance 
of tlie air in a vertical direction upward equilibrating the force 
ot gravity acting upon the body vertically downward, so that the 
niotion of the bird becomes uniform without requiring any move- 
ment of the wings. ^ Another mode of descent is performed A\dth 
greateV celerity l)y elcA^ating the wrings at an angle of nearly 45® 
above the plane of the horizon, as in ilg. 37, by which the resist- 
ance of the air, compared with the resistance to the wing Avhen 
horizontal, is diiniuished in the ratio of the radius to the cube of 
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the sine of ineliniition, that is, as a h to d c ; consequently, a 
bird with its wiujjs elevated at any angle to the horizontal plane 



will descend with greater velocity than wlien they arc in the 
direction of a />. Pigeons elevate tlieir wings in tliis manner 
until they arrive within a foot or two of the ground, wlicn, to 
prevent tlie shock tliey would otlierwise receive, owing to the 
velocity acquired during their descent, tlicy suddenly turn their 
axis ])erpendicular, wliich had previously been parallel, to the 
direction of their motion, and by a few rapid strokes of the wing 
neutralise their momentum, and thus reach the ground with ease 
and safety.’^ 

The manner of flight varies in diflbrent birds: some dart for- 
ward by jerks, closing their wings every three or four strokes; 
the AV^)odpeckers and Wagtails show this kind of undulatory 
motion : most birds have an even continiums flight: the Kite and 
Albatross sometimes buoy themselves in tlie air without any j)er- 
ee])tible motion of the wings. The best flyers often economise 
their forces by availijig themselves of the impetus of a few j*apid 
strokes to scud along with the wings expanded, until the interval 
of rest requires to be l)rokeTi by a fresh effort, — a phase of flight, 
beautifully defined by an old observer of nature: — 

jMox acre lapsa quicto 

lliidit iter liquidiiin, cclcres neque commovet alas. — Virgil. 

' cciv. p. 428. The principal data requisite for estimating by dynamics the 
amount of the force employed by birds during flight are briefly stated by Mr. Bishop 
to be : — ‘ 1st:, the area of the liorizoiital section of the body of the bird : 2nd, the area 
of the wings whilst tliey arc lowered: 3rd, the area of the wings wliilst they arc 
raised: 4th, the velocity with which the bird is driven through the air: 5tli, the velo- 
city with whieli the wings are lowered : 6th, the velocity with which tlie wings are 
raised: 7th, the, respective durations of the elevation and depression of the wings: 
8th, the weight of the whole bird: 9th, tho weight of an equal volume of air; 10th, 
the resistance of the air due to the figure and velocity of tlie bird: lltli, the ratio of 
the resistance which the' air opposes to the wings during their elevation and depres- 
Sion : 12Lh, the ratio of the resistance of the air to the time of an elevation of tlio 
wings and to that of a depression.* Ib. p. 425. 
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CHAPTER XVI. 

NKllVOUS SYSTE^I OF AVES. 

§ 137. Mt/eirnrephalon of Birds , — The myelon, wlfh its nerves, 
liavlng led to the (levclo|)emerit of protecting arches in the eni- 
l>ry(), soon ceases to he coextensive with the neural canal, shrink- 
ing from the hind part of it, as the (‘audal vertebne begin to be 
modified, and leaving tlierc but a fdainentary trace of its original 
condition : the nenrinc accumulates in the sacral region, fig. 38, a*, 
a.s the })elvic members grow, and the central canal there expands, 
ib. t. The rnvclon becomes more slender in tlic dorsal res>inn, 
and again expands near the base of the neck, in connec^tion with 
the nerves of the wings, ib. w, /.?, w\ then, resuming its dorsal 
dimension, it is continued to the brain, il). a e. The exj)ansions, 
or at least the pelvic one, present a full transverse elli))sc in scis 
tiou, the rest of the chord is eylindrieal ; it consists of white 
nenrine with grey matter internally originating nerve-roots, and 
lining a subeontral (!a;nal. 

Tlie mvelon is divisible into ventral and dorsal tracts accord- 
ing to their relative position to the transverse pl.'pic of the canal ; 
tlie ventral tract is actually divided by a longitudinal fissure into 
symmetrical halves or ‘ columns,’ the fissure extending from the 
exterior nearly to the canal from which it is separated by a very 
thin eominissural tract uniting the ventral eolmnns. The dorsal 
ones diverge from eatdi otlicr in the sacrum, forming the eftvity 
ahovc mentioned, called in Ornitbotomy ^ simis rliomboidalis,’ 
fig. 38, .v, which is a ^ventricular’ dilatation of the myelonal 
canal. The longitudinal fissure thence conlinued between the 
dorsal columns becomes loss eonspioiious than the ventral fissure, 
!U)<1 appears to be obliterated in the uoek : but the dorsal oo- 
birnns diverge in the medulla oblongata, as in the sacrum, and 
again expose the myelonal eaiial, which is here called ‘ fourth 
ventricle,’ ib. d. 

The two expansions of the bird’s myelon vaiy in relative size 
according to the diflerent developemcnt and poWers of the wings 
and legs : the anterior or alar enlargement is greatest in VolUo-- 
especially the Swifts and Humming-IJirds : the posterior or 
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pelvic one is greatest in most other birds, 
and especially in the Ciirsores, The alar 
enlargement is due to an accessioii of 
white and grey substance, without dila- 
tation of the inyelonal canal. 

In the brain of a chick at the eighth 
day of incul)atu)n, fig. 39, the ^ fourth 
ventricle’ is CA'posed by divergence of 


39 -U) 



liraia of einbrji) nil'll. nrnln of f.izarO. i.rxvi. 

the dorsal inyelonal columns which now 
have the name of ^ posterior jiyrainids 
the plate of neiirine developed from them 
to bridge over the ventricle sliows the 
same incipient state of the cerebellum, lb. 

as in the Batrachia : it next expands 
at the middle and represents the condi- 
tion of the cerebellum in the Lizard, fig. 
40; continuing to grow, the cerebellum, 
fig. 41, c, covers, at the sixtcciith day of 
incubation, the fourth ventricle, and has a 
smooth exterior, as in the (b’ocodile and 
Turtle (vol. i. fig. 191). Towards the 


41 ‘12 



Hrain of cbick at IG days. Id. at au days, eexvi. 


MyelciicepliaJi n, or bniUi awd hpiiial eloSC of incubatioil thc Cercbellum, fig- 
chord, witJi of tho backbone, ^ .. , , , 

uv\(.Amer), 42, c, prcsses torward toward the cere- 
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brum, ib, and seems mechanically to push aside the optic lobes, 

; the multiplied grey juatter of its sii])erfiei(?s is disposed in 
transverse folds : small beginnings of lateral lobes arc present in 
many birds. The wliite nciirine, lig. 45, //, continues to accmmilate 
beneath the grey, ib. and reduces the cavity of the originally 
vesicular cerebellum to a fissure, ib. 2/, n hicb retains its primitive 
connection with the fourth ventricle, the floor of w liich sliows the 
longitudinal groove called ^calaiTffis s(*riptorins.’ Tlie medulla 
oblongata ex])ands 5 but its ventral surface, fig. 44, is not sculp- 
tured so as to permit ‘ autericjr pyramids,’ ^ olivary bodies,’ a ^tra- 
pezium,’ or a ‘ tid)or annulare,’ to be defined. 

The optic lobes in the embryo, fig. 39, arc smooth vesicles of 
Avhite nciirinc, iu contact with each other, as in R(q>iiUa: they arc 
at first oblong, as in Batrachia ; next acqnii'e a spheroid figure, 
as in Lizards, fig. 40, />, and then assume their oruithie cliaractcr 
by diverging laterally toward tlie loAver plane of the brain, figs. 42, 
44,/>; they maintain their smooth exterior, ajid their vcjitriclc 
miicli redueed incapacity by internal growth of ncurine. 

The crura co’chri show their first superadditions, furmiiig tlic 
optic thalami, in the eight-days embryo, botw(?eii a and c, fig. 39, 
])eforc exjuinding into the ‘ hemispheres,’ ib. c. These jwogres- 
sively increase in size until they acquire the relative diiiiensions 
and position shown in fig. 43, a. 

They are usually of a eordiform shape with the apex directed 
forward : in the Parrot tribe they ])resent a more elongate, <lc- 
])resscd oval hgure: they are devoid of convolutions; but a 


43 M 



J^nirK, f (T.artw), Urper view, coxvi. TJr;ihi of Ksitrlr. lUsovicw. (xn. 

5^hallo\V longitudinal depression marks off, In some birds, a median 
from a lateral tract of the upper surface of the heinisi)hcre : in 
most this surface is uniformly convex. The hemispheres present 
an undulate surface below ; the medial parts being in some birds 
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produced^ so ns to oause a (‘oiicavity triinsvovscly between them 
and llic lateral borders, as showji in fig. 44. On tlie lower 
part of the side of each hemispliorc thero is a de})rcssion whicii 
corresponds to the ‘ lissura inagiia Sylvii,’ and allbrds the sole 
indication of a division into lobes. Idle heuusjjheres are con- 
nected together by ineaJis of the round comniissuro, fig. 45, h. 

The mekal surfaces of the heniisphercs, which arc in contact 
with each otlier, present striin which diverge; 
from the commissure. Tliesc siirfa(.‘es ai’o 
' composed of an extremely thin layer of mcdul- 

inry substance, fig. 45, f, //, fi)rming the in^ 
\ ' ternal parietes of the V('ntricle, and extended 
^ outwardly over the corpus striatum, ib. /. 

* ^ Inke its homologue in Keptilia and tlie mam- 

nialian embryo, it does not present the alter- 
^ ' natc striae of grey and white matter, v,hich 

suggested its name lu Anthropotomy. .1 his 
eerebral ganglion is of great relative size in Birds, eonstituting of 
itscll* almost the entii*e >substanee of tlio hemispliere, pj'ojeeting 
into the ventricle, ib. A, not only from below, but fi-om the ante- 
rior and outer sides of tluj eavitv, 
and being covered by a smooth 
layer or fold of medullary matter, 
^ fy 'vliich increases in tliickuess an- 
M teriorly. The ventricle does not 

\ extend below the corpus vStriatiim 

form an ^ inferior horn,’ or 
( ' - Ph ' ' f'o7'nu (.nrinumis,'^ A fold of pia 

mater enters tlie bottom of the 
cerebral ventriele and lies free in 
cavity: it is highly vascular, 
" and devclopes tufts containingplexi- 

Tiift of tlio clKiroid plexus nf the Ijrnitt (if ;i i* 1 , .1* . I i* .1 1 

(iooso. x\xv. jorm loops ot (aipillaries dct<;iuled 

hy epithelium, the cells of which «arc 
shown at the margin of the villi magnified in fig. 46. 'riie vessel 
forming the plexus elioroides penetrates tlie ventriide beneath the 
posterior part of the thin internal wall, and the lateral ventricles 
communicate together there, and Avith the tliird ventricle. They 
are continued anteriorly to the root of the olliictory nerve, which 
is itself a continuation of the apex of tlie hemisphere. 

Just above th6 orifice of communication there is a smooth 
flattened projection, rounded extcnially, wliieh advances into the 
Yeiitriclo from • the internal wall ; this represents a beginning of 










Tuft of tlio (rlKiivjid plexus rif the Ijrnitt nf :i 
Cooso. XXXV. 
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the fornix. The round anterior coininissurc, A, is prolonged on 
either side into the substance of the hemispheres. 

The optic- tlialaini, ib. /, are of small size, and not united l)y a 
soft commissure : between them is the cavity called the tliird ven- 
tricle, ib. m ; and above and behind they give off ll\e peduncles 
of the pineal gland. This body does not liang freely suspended 
by the pedicles, but seems to form a rounded and Thickenccl 
anterior border of the valvula V'iausscnii or lamelliform commis- 
sure of the optic lobes. It adheres firmly to the conllueiice of 
the grciat veins situated at the anterior orifice of the aqncdiiet of 
Sylvius : it is usually of a conical or ])yriform shape. The ^ alve 
njiicli closes the upper part of the ])assage from the third to tin; 
fourth ventricle, is a thin lamella of great width, in consequence 
of the distance at which the o])tic lobes are separated from one 
another. Anteriorly the third ventrhde coinmiinicates with the 
infmtdlbulmn, which terminates in a large hyjtophysis. 

Besides tlic cavities or ventricles above incntioued, there arc 
also two others situated in ilic o])tl(; lobes, fig. 45, If, or higominal 
])odies, each of which, Avhen laid open, is seen to he occiijned hy a 
convex body, ib. p, ])rojecting from the [lostorior and internal 
side of the lobe ; these ventricles conmuinicatc with the others in 
tile aqueduct of Sylvius. 

The brain of the Bird dilfers IVom that of the Reptile in tho 
superior size of the cerebrum and ccrebcdliim, together with the 
folding of the latter, wliicli relates probal)ly to tlie higlicr locomo- 
tive powers of tlio Bird : it differs from tlie brain of tlie Mammal 
in the abseiurc or small beginning of the fornix, And ol* the lateral 
lobes of the cerebellum : it differs from the brain of ev(;ry other 
class in the lateral and inferior position of the optic lobes. In a 
pigeon weighing eight ounces Avith and seven ounces Avitliout the 
i*e:itlu;rs, or 3oG() grains, tlic myclciicephalon Aveighs 48 g|*ains, 
the Avcight of the mycloii being 11 grains, and that of the brain 
37 grains. The ])ro])ortion of the weiglit of tlic brain to tlic 
body is miicli greater in the Humming-Bird : wlillst in the huge 
Dinornis, tlic brain does not exceed two inches and a half in 
length, and two inches in width. It thus |)resents a limited range 
of size, and much sameness of form and structure in the ditfereut 
orders of the class of Birds. 

§ 138. of Jlirds , — The olfactory or first pair, usually 

of a •simple rounded form, proceed from tlie small pyriform 
rhinencephalon, fig. 44, r, continued from the, apex of the heiui- 
spherc, and usually somcAvhat deflected. The nerve runs along 
fiu osseous canal, accompanied hy a venous trunk above tho» 
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orbits, «'is far as the pituitary membrane of the cthmoturbinals, 
upon wliicli its filaments are distributed in a radiated manner. 
In Apterijx and DuiornlSi tlic rlunencephalon is of large relative 
size, and sends off the <Jfactory nerves by many filaments through 
a ^ cribriform plate.’ 

The o]dic nerves, fig. 44, «, are in general of remarkable size ; 
they arise from the whole of the outer surface of the o])tic lobes, 
and from the thalami, the two origins foianiiig by their union 
the ‘ radix opticus,’ fig. 47, </, Avhicli expands into the ^ chiasma.’ 
Here a partial decussation, ib. takes place. By removal of the 
firmly adherent iieurilemnia, the optic nerve is seen to be com- 



posed of parallel, longitudinal lamelUe, the margins of which are 
most free on one side, fig. 48, h. 

The thirds or ociilomotorial nerve, arises behind the hypophysis 
from the grey matter that lies here betweem the crura cerebri : 
it escapes, usually, by a distinct hole, fig. ofi, 3, near the foramen 
opticuin, and supplies the superior, inferior, and internal muscidi 
recti, and the oldiquas inlerior: it also sends off a ciliary branch, 
whi(di sometimes fomis a ganglion before, sometimes after, joining 
the ramus ciliaris trigemini. 

The fourth nerve ai*i>ses from the posterior flattened band, 
extimding over the ‘ valviila Vieiissenii’ lietween the hack part of 
the optic lol>es : its course, immediately above the superorbital 
branch of the fi fth ])air, is shown at fig, 56, 4*, as far as its termi- 
nation in the superior oblique muscle, ib. to which it is, a^s in 
other Vertebrates, exclusively distributed. 

T\\Qfffh or trigeminal nerve, fig. 49, 5, 6, 7, has tAvo origins ; 
the ^ portio major,’ from the fore part of tlie base of the crus 
cercbelli, the ^portio minor,’ from the prcpyramidal tract In ad- 
vance of the foregoing, which it joins after the reddish gan- 
glionic SAvelling, fig. 49, 3, has been formed. The two origins are 
less distinot than in Mammals ; but the larger one is more readily 
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tracoal)lc 5 towards the inyclon, from not l)eing crossed by a ^ tra- 
pezi urn.’ 

The first or ophthalmic division, fig. 49, 5 , passes out of the 
cranium by a canal situated externally to tlie optic foramen. It 
is of large size, and describes in its passage tlirough tlie orbit a 
curve corresponding to the roof of that cavity ; it generally ])ene- 
trates the substance of the facial bones, fig. 50, 5'^', above the 
nasal fossa, ib, m. It divides ii^ three branches ; the or 
superior is the smallest and is lost upon the pituitary membrane ; 
the second branch is the largest of the three and the longest ; 
it is received into an osseous canal, and terminates at the ex- 


tremity of the beak in a great number of divisions ; the third 
braiudi of the ophthalmic nerve is entirely 


distributed to the skin Avhich covers the 
eircumfcrcncc of the external nostrils. 

Tlie second division, fig. 49, fi, or supe- 
rior maxillari/ nerve, passes out of the 
same foramen as the inferior oiu^, ib. 7 : 
it jiassos forward along the floor of the 
orbit, and in this part of its course gives 
olf two filaments, of which one joins the 
ramifications of the ophthalmhi nerve, 
the other ascouls, penetrates the sul)- 
stance of the iitcrygoid muscles and the 
maxillary bone, to be lost on the lateral 



parts of the bill. In those Birds, as the 


Unso of tlio Ikv.'un, rmd »)rifThip of 
curcbnil nerves, (iooiio. cevm. 


Anatidca and other Water-fowl, where 


the u])[)er mandible is notched on the edge, each dcnticulation re- 


ceives lour or five nervous filaments, and the nerve is propor- 
tionally of large size. 

The inferior mnxillarjj nerve sejiaratcs from the superioi^ and 
proceeds obbkpiely downward, dispensing l)ranches to the ptery- 
goid and (piadrangular muscles of the jaws ; the trunk proceeds 
outward to the lower jaw, where it divides into two branches, an 
internal and an external. The internal, which is a continuation 


of the trunk, penetrates the maxillary canal, and is continued to 
the anterior end of that mandible. In the Anatid(C it gives ofl‘ 


nerves to the dentations along the edge of the mandible. The 
external branch recedes from the internal, perforates the jaw, and 
is distributed on its external surface beneath the tegumentary or 
horny substance which sheaths the extremity of the mandible. 
It sup])lies no gustatory branch to the tongue, which is an organ 
of prehension, not of taste, in Birds. The non-ganglionic jiart of 
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the third division of the fiftli is traced on the left side of fig. 40, 7, 
passing beneath the ganglion. There is no ^otie’ ganglion in 
Birds.' 

The facial nerve^ or portio dura, arises inimediately anterior to 
the a<!oiistic from the prepyramidal tracts, enters the petrosal an- 
terior to the acoustic, quits it to jiass into the fallopian canal, 
sends ofl'«thc 'chorda tyinpani ’ to the ramus alvcolaris inferior of 
the trigeminal, and communicates with the sympathetic ; it passes 
out behind the t,vini)anie bone (as in Mammals), gives bninches 
to the digastric and styl(»hyoid muscles, and comliines with the 
glossopharyngeal, vagus, hypoglossal, and upper cervical nerves, 
to form the plexus sup])lying the anterior part of the constrictor 
colli muscle. 

Tlie anditori/ nerve, or portio mollis, is large, soft, and of a 
reddish colour; it is received into a depression on the petrosal, 
fig. 06 , 7 , whence it jieiietrates by several small foramina to the 
labyrinth. 

The roots of the 'eighth’ nerve penetrate the cx()cei])ital by 
two or three foramina, and unite on their enun-genec to form the 
ganglion, from which the glossopharyngeal and the pueiimo- 
gastric trunks diverge, llie glosso] diary ngeal is large ; it com- 
municates more freely with the sympathetic than does tin; 
pneuinogastric in tlie neck ; it sends off’ a small internal branch in 
front of the muscles of the neck; a small posterior twig which 
unites with the pneuinogastric, and a large iiifci’ior brancli to the 
anterior part of the neck. The latter is a continnation of the 
nerve itself; it nlescciids along tlie cesojihagus and divides into 
two priiKtipal branches, of which one passes to the cerato-niax- 
illary muscles, and tins brancli is remarkably tortuous in the 
Wooiipecdxor, in order to be accommodatetl to the extensile motions 
of the tongue ; it sup|dies the upper larynx, and tlic surface of 
tlie tongue, as far as the tip. The other branch descends along 
the lateral parii^tes of the (esophagus, and smids oft' a twig to join 
the lingual nerve. The termination of tlie glossopharyngeal is 
expended upon the oesophagus. 

'Idle pneuinogastric, after communicating with the glossopha- 
ryngcal, syintiathetic and ninth nerves, passes down the neck, 
along with the jugular vein, and closely connected with the spinal 
nerves. The right trunk crosses the arch of the aorta, and sends 
oft the rcKuirrcnt round that vessel, the left trunk reflects its 
recurrent near thp origin of the bronchi ; the rccurrents supply 
the loVi'er larynx and part of the trachea, but are chiefly spent 
upon the (esophagus. Tlie trunks of the two pneumogastrics 
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converge vcntrad of the crsopliagiis and unite above the pres 
ventriciiliis, supplying that part^ the gizzard, and ultimately coin- 
uninicating with the splanchnic plexus of the sympathetic. In 
the Haglc the pneinnogastric is recruited by an ^ accessorius ’ nerve 
arising behind the third cervical. 

I'he hypoglossal nerve (9th pair) cscaj)OS by one or two pre- 
condyloid foramina. It is very slender at its origin ; pas«es to the 
front of the nervus vagus, partly injiting with, as it crosses over, 
this nerve, and in that situation it detaches a lilanient to the hyo- 
laryngeal and long tracheal muscles. Hie trunk of the liyo- 
glossal next (iro>sses the glossopliaryngeal nerve, passing forward 
to supply the hyoglossal and lingual muscles. 

"I'lie spinal iirrvcs arise by motory (anterior or ventral) and 
sensory (})ostcrior or dorsal) roots of nearly erjual size; but the 
anterior have more numerous filaments. Tlic ganglion on the 
posterior root is proportionally large. In the sacral region o(‘ 
the spine, the anterior and posterior roots escape by distinct fora- 
inlna, and can be separately divided without laying o])en the 
bony canal, but they are deeply seated and well i)rotected l)y the 
anchylosed processes of the sacrum and the extended iliatj bones. 

l"he vrrvical nerves vary with the number of the vertebrie from 
ten to twenty-three : each nerve divides ; the anterior branch sup- 
plying the muscles and the skin, the ]X)sterior branch the muscles 
chiefly. Those of the lower cervicals form a j)lexus, sii])plying 
the scapular muscles, and communicate with the lowest tjcrvical 
nerve going to the brachial plexus. Only the last two or three 
pairs, fig. ^58, v/ ?/', of cervical nerves concur in tlic formation of 
this ])lcxus, which is completed by the first pair or two of donsal 
nerves e. '^fhe other dorsal nerves, after giving filamcTits to the 
intercostals and diaphragmatic muscles, i>ass to the skin at the 
sides of the trunk. 

The sacral nerves have no other peculiarity than their moefe of 
passing out of the spinal canal : they form exclusively the plexns 
analogous to the lumbar and sacral, fig. 38, k\ The terminal 
spinal nerves supply the muscles and skin of the cloaca and tail. 

The hrachial plc.vus, formed by the two or three last ccM’vical 
and one or two first dorsal nerves, soon becomes blended into a 
single fasciculus wdience all the nerves of the wing are derived. 
The internal cutaneous nerve passes from the axilla along the 
uincr and back ))art of the humerus, bends round the inner 
(ulnar) side of the elbow joint; it supjdies thc^ skin. The next 
branch distributes filaments to the muscles 22 , 21 , fig. 35 ; send:i 
off the ‘ circumflex ’ iicrvc which supplies the latissimus dorsi, 
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deltoid, and sliouklcr joint ; and is then continued as the ^ mnsciilo- 
spiral/ supplying the hvachialis into runs and biceps, and, as it 
passes behind the antibraclnuin, the extensors of the pinion ; 
it also distributes Hlainents to the shin. Tlie next large branch 
from the plexus is the ^median nerve,’ w])icli sends off the ^ ex- 
ternal cutaneous ’ in its course along the biceps, siipidying tlic 
skin on the outer or radial side of the wing. Tlie ^ ulnar ’ nerve 
is the next branch, su])plying the ^ ulnaris internus ; ’ and the 
continuation of the ^ median ’ gives branches to the muscles on 
the radius,, to those on the pinion, and to the integument. 

The nci*ves of the pelvic limbs are derived from the sacral, 
plexus. The obturator nerve, formed by tlie second and third sacral 
nerves, ])asses through the up])er |)art of the foramen ovale, gives 
off a branch to join the ^ sajhenus nerve,’ and is distributed to the 
muscles around the liip-joint. The femoral nerve ])asscs out of 
the pelvis in com})any with an artery, over the front edge of the 
ilium. It divides into three branches, wliich are dispersed among 
the muscles, fig. 3o, 4o, 42, and integuments on the anterior and 
inner part of the thigh. One of tliese filaments represents the 
^ sa])Iiemis,’ and descends superficially for a considerable way upon 
the limb. 

The iseluatlr nerve is derived from five or six of tbo nerves 
coiislltutliig the sacral plexus, on quitting whicb, even within the 
t)clvls, it is easily separable into its ])rimary branches. Im- 
mediately after it j)asscs tbrougb the ischial ic foramen it sends 
iilaments to the muscles on the outer ])art of the tliigli ; it then 
])roC(?eds ini<]oL”^the biceps, along the back of the tbigli, about the 
middle of wlfnh it becomes divided into the and Wio 2 )erorfeal 
nerves. 

The posterior tlhial nerve, before It arrives in tlie liam, sepa- 
rates into several branches, which pass on each side of the blcaxl- 
vessels, and are cliletly distributed to the muscles, lig. 35, 4 n, .oo, 
51, on the back of the leg. Two of these brandies, however, 
arc dinbrcntly disposed of; the one accompanies the posterior 
tibial artci'y dowji the leg, passes over tlic internal part of the 
pnllev, and is lost in small filaments aiid anastomoses with a 
branch of the ])eroneal nerve on the inner side of the inotatai*sns ; 
the other branch runs down mi the peroneal side of the leg, along 
the deep-seated flexors of the toes, ib. 52 , j>asses in a sbeatli 
formed for it on the outer edge of the moveable ])ulley of the heel, 
and pnxiceds under Ibc llexor tendons along the metatarsal bone, 
Id be dii^tribiitod to the internal part of the two external toes. 

ihc peroneal nerve is directed to the outer part of the leg; it 
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dips above the gastrocncmii iniisclcs, and runs through the same 
ligamentous pulley that transmits the tendon of the bicej)s muscle, 
ib. 41 ; it then detaches some lai'ge lilaments to the muscles on 
the anterior part of the leg, under which it divides into two 
branches, which proceed close together, in company with the 
anterior tibia! artery, to the fore part of the ankle-joint, at which 
place they separate ; one passes su])crfi daily over the editor part 
of the joint, the other goes first under tlie transverse ligament 
which binds down the tendon of the tibialis antic us muscle on the 
tibia, and then over the inner part of the joint, bc!o\v wliich it 
divides into two branches : the one is distributed to the inner side of 
the nietatarse, and the tiblal side of the back toe, /, and tlic next 
toe; the other turns toward the centre of the metatarsal bone, 
and penetrates tlio tendon of the tibialis antlcns just at its inser- 
tion, and then rejoins the branch of the peroneal iicr\'c it accom- 
])anicd down the leg. They continue their course together again 
in the anterior furrow of the metatarsal bone; and at the root of 
tlie toes, separate once more, and proceed to the intcrs|>accs of 
tlic three anterior toes, and cacli divides into two filaments, wliioli 
run along tlie sides of tlie toes to the claw. 

§ 139. S(/mpntJy*tic Sy.^tem . — The superior cervical ganglion is 
connected with the glossopharyngeal nerve more closely in some 
))lrds than in others : it communicates by brandies with the 
liortio dura and second division of tlie fifth, and sii]ipHes the- 
lacrymal gland : a second branch accompanies the entocairotid, 
siip[)lies the hardcrian gland, and communicates with the first 
(Uvisioii of the fifth. ‘ The “ cervical |)ortlon‘’ of the sympathetic 
may lie comjiared with that in the )Siiake in its not having a chord 
or jirolongatlon accompanying the trunk of the jiar vaguin ; it, 
however, corresponds in some measure also with tliat of the 
Turtle, for in the Swan a branch is continued down the neck 
witli each carotid artery, and in its course communicates several 
tijnes with its fellow.’^ ^ In the Pelican tlie carotid is a single 
trunk dividing into two at tlie upper part of the ucck ; a branch 
passes from the superior cervical ganglion Avith each of these, and 
l)cc()mes united into one near their hi furcation; it gives off 
lirauchcs for the supply of the carotid, and to comiminicatc with 
the {jrolongation accompanying the vertebral artery : at tlic bottom 
of the neck it dips down in the median line between the anterior 
oervicabmuscles, and divides into tAvo branches, each joining the 
penultimate cervical ganglion.’® The sympathetic jiasscs doAvn 
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tlic ccrviciil vertebrae in a canal with ibe vertebral artery re- 
sembling the j)rolongatioii in the imperfect canal in the Snake.’ 
(Vol. i. p. 310, fig- 3.) "Also like the chord sent from the 
first thoracic ganglion and placed at the side of the neck in the 
Turtle, and that accompanying the A’^ertebral artery in Mam- 
malia.’ " Tile sympathetic adheres to the anterior trunk of each 
cervical nerve through a ganglion.’ ‘ Ilaving reached the thorax, 
the ganglia are connected with those of the dorsal nerves, 
much as in tlie Turtle. In the Swan and relican a large nerve 
from the first thoracic ganglion communicates with the pulmonary 
branches of the par vagiim.’ * The thoracic trunk of the sympa- 
thetic is generally double between each ganglion. The anterior 
ones give otf an anterior splanchnic nerve or plexus accom- 
panying the cicliac artery to the gizzard and liver, communicating 
Avith the imeiiniogastric ; the posterior sjilanchnie nerAC is inti- 
mately combined Avith the adrenal body, and 
Av llh the testis or ovarium. 1 ntestinal branches 
accomjiany tliose of the mesenteric arteries ; 
otlier branches snjiply the kidneys, and com- 
rniinicatc Avith lung branches of the spinal 
nerves destined for the cloaca and adjoining 
jiarts, and thus form a jilexus corresponding in 
some degree Avith that in Mammalia jiroduced 
by the junction of the hypogastric plexus Avith 
branches of tAVo or three of the sacral nerves. 
The termination of tlie sympathetie is formed 
by a " ganglion inijiar’ near the end of the 
caudal vertehric. The abdominal ganglions 
^ ..in small birds lend themselves faAOurahIv to 

Wjiiipatltfiic. gaiiKlioii of ^ ^ 

uivoiiniwii,ii)a.iriiifk’d. as tlie demonstration of the structure of these 
c- centres oi the sympailietic system, becoming 

transparent under pressure, and permitting the nerve-vesicles to 
be Avcll distinguished trom tlie nerve-chords: the latter only arc 
re]>vesented in fig. 50, showing the finer filaments, c, that bend 
round the periphery of the ganglion, as if by resolution of and 
divergence from the main chords entering at a and emerging 
at />, /y. 

§ 140. Oryan of Touch in Birds . — Tlie eiiithclial papilhc^ 
sheatlied upon a ascular ones of the corium ^ on the sole of the 
toes of most Ifirds relate to meeliaiilcal rather than to sctisational 

* J.IV. p. 104. 2 yq] P 2 M 9 , preps, nos. 1902-190C. 
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c^ds, giving a closer grasp of the jiercfi or the prey, and a firmer 
tread of the hard ground. The digital villi are iiniisnally long in 
the Capercailzie ( Tetrax vroyallus) enabling it to grasp with 
more security the frosted branches of the Norwegian pine-treCvS. 
The integument of the toes is sparingly supplied with nerves in 
Jill Birds ; but it may be su])poscd that the more delicately 
papillose slender flexible digits of the smaller nidificatev's guide, 
by sensations analogous to touch, in the complex interweavings 
of the materials of such beautiful striictures as the pensile, domed, 
and otherwise adaptively perfected nests fabricated by the Tailor- 
birds, and most Cantor es. 

Actions indicative of tactile exploration have hitherto been 
observed to be performed by the bill, exclusively, in Birds. 
Although in most of the class the horny sheath of the bill be 
hard, sensitive filaments of the ‘ fiftli’ nerve (fig. 53, c) are trace- 
able to the pa})illose extensions of the vascular formative surface 
into siudi slieatli. I n the Lainelli rest nils the substance of the 
sheath is softer and its marginal lamelhe are more abundantly 
supplied by the ^ fifth ; ’ from the tactile and selective actions of 
the bill in those Birds, tliey are called Sifters.’ The soft and 
slightly expanded end of the long and slender bill of some Grallce 
( VVoodcochs, Snipes) is so organised for touch, that it is used as 
a probe in soft ground to detect the worms, grubs, and sliigvS that 
constitute their food. 

Peculiar ])rod actions of Integument, devoid of feathers, such as 
the ^cere’ of Birds of Prey, the ^wattles’ of the Cock, and of 
species o£ PlLiledoji, GUiumpis, and other so-called/ wattle birds,’ 
the cepliallc carnnclos of the King Vulture and Turkey, &c., have 
been loosely cited amongst ‘ organs of touch.’ 

§ 141. Ovfjan of Taste, — The gustatory sense is very imper- 
fectly enjoyed in Birds, which, having no manducatory organs, 
swallow the food almost as soon as seized. 44ic tongue* is 
organised chiefly to serve as a prehensile instruinent, and its 
principal modifications will be treated of in CiiArTER XVIi. 
It is generally sheathed at the anterior part with horn, and is 
destitute of j)aplllm ex(iept at its base, fig. 51, o, near the aperture 
of tlie larynx, these papillae arc not, however, supplied by a 
true gustatory nerve, hut by filaments of tlie glossopharyngeal. 
No branch of the fifth pair goes to the tongue; but the mem- 
brane of the palate and fauces is so supplied that the sapid 
qualities of food may be there appreciated. 

The tongue is proportionally largest and most fleshy in the 
Parrot tribe, and the food is detained in the mouth longer in 
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these than in other Birds. It is triturated and comminuted 
the mandibles, and turned aboul by the tongue, which here seems 
to exercise a gustatory faculty, since indigestible ])arts, as the 
coats of kernels, &c., are rejected. In the Lories the extremity ot 
the tongue is provided with numerous long and delicate papilhe 
or filaments projecting forwards. 

The marginal epithelial papilhe of the tongue of the Toucan, 
fig, ol, A, appear to test, in the way of touch, the ripeness or 
mellowness of fruit. Similar papilhe at the tip of the tongue of 
many small birds (Humming-birds, Thrush-tribe, fig. 75, B, Field- 
fare) exemplify probably the tactile rather than the gustatory 
faculty. 

Dl 



F-’inccs* and tongue of tlio Tuucati {RmuphnsfoK). kw 


§ 142, On/an of Smell . — 'Hie close affinity subsisting between 
the cold and warm-blooded Ovipara is manifested in the olfactory 
organs. The external nostrils are simple perforations, having no 
moveal)le cartilages or muscles provided for dilating or con- 
tracting tlicir apertures, as m Mammalia. 14ic extent of surface 
of the pituitary jnembrane is not increased by any large accessory 
cavities, but sim])ly by the projections and folds of the turbinals. 
The olfactory nerve passes out of the skull, as a rule, in Birds, 
by a single foramen. The Apteryx and Dinornis form the ex- 
ceptions. 

The external nostrils vary remarkably both in shape and posi- 
tion, and serve on that account as zoological characters. They 
are jdaced at the sides of the upper mandible in the majority of 
Birds, but in some species are situated at or above the base of the 
bill ; the latter is the case in the Toucans, fig. 53, d ; in tlic 
Apteryx emstrohs they are found at the extremity of the long 
upper maTulible. 

Ill general they are wide and freely open to facilitate the inlui- 
lation of air during the rapid motions of the bird, but they are so 
narrow in die Herons as scarcely to admit the fioint of a pin ; 
and in some Peleeanidoi they are wanting, and the odorous par- 
ticles get access to the olfactory organ from the palate. 

In the Rmores the nostrils are partially defended by a scale. 
In the Cormdat they are protected by a bunch of stiff feathers 
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X.. 

Bill anil nostril.^ of ilie Tetfel. 


directed forward. In the Petrels the nostrils arc produced in a 
tubular form, parallel to one another for a short distance along 
the upper part of the mandible, with the ori- 
fices turned forwards, fig. 52, «. 

The septum narium, fig. 53, /?, e, is, in 
general, complete, and is partly osseous, partly 
oartilagiiious. It is perforated in the Swan 
just opposite the external nostrils, and in the 
Toucan, lower down, ib. h. The -surface of 
the septum is rugose in this bird, and the pituitary membrane 
which covers it is highly vascular. The parietes of each ol the 
nasal passages give attachment to three turbinal laminie. The 
inferior one is a simple fold adhering to the lower and anterior 
part of the septum narium; it is ]>artially ossified in some Ba- 
.sores. Tlie middle turbinal is the largest : it is of an infundibidar 
figure, and adluires by its base to the septum and externally to the 
side-wall of the nose. It is convoluted wdth two turns and a half 
in the Anserine Birds, but in many birds it is compressed and 
forms only one turn and a half. The superior turbinal r/', 


53 



fig- 5fi, generally presents the form of a bell ; it is more or less 
essificd at its base, but mostly cartilaginous, and adheres to the 
upper part of the prefrontal. It is hollow, and divided into 
two coini)artincnts, Avhich are prolonged in a tubular form ; the 
uiternal one extends tow^ard the orbit, the external terminates 
behind the middle turbinal in a cul-de-sac. The turbinal 
supports of the pituitary membrane may be membranous 
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[j^ristly, or bony, and in different proportions. The latter is 
their texture in the Toiiean, in which the olfactory organ is 
confined tQ the base of the huge upper mandible, fig. 53, «?, the 

meatus describing a vertical sigmoid curve. At its commencement 
it is cylindrical, then dilates forward to receive the outermost tur- 
binal, and bends backward to admit the ])rojection of two ethmo- 
turbinalfi: after which it descends vertically to the palate, e. The 
pituitary lining of the meatus is not continued or reflected into 
the contiguous pneumatic structure of the bill, a, b. 

In most Birds the nasal ]>assages communicate with the palate 
and pharynx by two distinct but contiguous apertures : in some, 
e. g., the Cormorant and Gaimet, the passages unite and terminate 
by a single aperture. 

Tlic olfactory nerves are distributed to tlic j)ituitary mem- 
l)rane of the septum iiarium, and of the superior and middle, or 
ethino-, turbinals ; the lower turbinals being supplied by the fifth 
nerves. The membrane is most vascidar and delicate on the cthmo- 
turbinals; and these acquire an unusual size in the Apteryx, 
wlicre they are attached to the whole outer ])art of the j)refrou- 
tals, answering to the ^ os [ilanum,’ which makes a large convex 
projection between and below the orbits. This bird appears 
to be guided by the sense of smell to the worms that form its 
food, the outer nostrils being at the end of the long probe-shaped 
bill. The olfactory nerves are proportionally largest in the 
A[)tcryx, and are sent off in numerous filaments from the rliinen- 
ccphalon, by a cribriform plate, to the nose. The extinct Dlnoruis 
had a similar df3velopcmcnt of the organ of smell. In the Vulture 
the olfactory nerve is single on each side, and continued from an 
olfactory ganglion, or ^ rhincnccphalon,’ along the uj)pcr part of 
the interorbital space to be distributed upon an upper and middle 
turldnal, the latter being tlie largest. In the Turkey tlic 
ollhctory nerve is one-fifth the size of that in the Vulture, and 
is ramified on a small middle turhinal, there being no extension of 
the jiituitary membrane over a suiicrior, or ethmo~tiirbinal.‘ This 
result of conqiarative anatomy, and the observed differences in 
the habits and food of the Vulture and Turkey, point to the 
greater importance and exercise of the sense of smell in the 
carrion-cating raptorial l)ird. But it lias been sought to invalidate 
the inference by certain well-known experiments. Mr. Audubon 
ex])Oscd the skin of a deer, stuflcd with hay, and in a fevv minutes 
a Vulture fiew towards and alighted near it, attacked the seeming 
carcass in the u’sual Avay, and tore open the seams of the skin; 
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wlicn, finding notlung eatalde, the bird flew away. Hence tlie 
American ornithologist concludes that the Vulture is led to its 
game by sight alone. But the truer deduction may be that, 
having always received impressions from sight, combined with 
and confirming those, in some cases the first received, from smell, 
the Vulture was unwilling to disbelieve its own eyes, thyugh the 
odour was a])sent. It may often have been led by sight to the 
carcass of a dying beast, or one (load too soon- for any putre- 
iactive emanations to have escaped, and so it mistook tlie stufted 
doer for a recently dead one. In a converse exporimeiit, a dead 
hog being concealed in a ravine, and covered with briers and 
cane, ‘ many Vultures were seen from time to time sailing over 
the spot where the putrid carcass was hid,’ but none of them 
attcin])ted to expose it : whilst several dogs found tlicir way to it, 
and devoured the flesh.’ ‘ The right inference from this experi- 
incnt is, that the Vultures were attracted hy the putrefactive 
ctHuvia; but, having always associated sight with smell, and 
having neither the burrowing power of the dog, nor the habit of 
hunting excdiisively ))y scent, they were baffled. 

§ 14ik Orffan of llmring, — The general character of this 
organ resemldes that in Ueptilia, but, as Hunter well remarks, 
‘there is ii neatness and ])recisiou in the 
structure which is not to be found in the 
TrlanlUu'^ The whole of the primitive 
cartilaginons acoustic capsule is ossified 
and confluent with contiguous elements 
of cranial vertebne, and there is a better 
defined and usually deeper fossa or ‘ mea- 
tus ’ external to the ear-drum. In most 
Birds a fold of integument ]>rojects from 
the fore part of the meatus ; this is largest 
in tlic Owls, but the ear-drum is not pro- 
tected by one so developed as to form a 
conspicuous ^ conch’ or ^ auricle.’ A t most, 
in some Birds, as the Bustard, fis. 54, ./, 

Ostrich and Owls, particular feathers are 
^0 developed and arranged around the 
nieatal margin, as to serve the office of an 
external ear : the auricular feathers being 
f’jused and directed so as to catcli and concentrate the vibrations 
et sound that may liave excited the bird’s attention. 
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The labyrinth or internal ear consists of the ' vestibule,’ three 
semicircular canals, and beginning of the cochlea. The vestibule 
is smaller in pro])ortion to the other parts, but is longer than in 
Reptilia. The su]icrior semicircular canal, fig. 55 , //, is usually 
the largest, as in the Owl; but it is relatively smaller in most 
Cantor('s,\ the external canal, 2 , iiioscailatcs at m with the horizon- 
tal one k, but the chief communications of the canals arc through 
the medium of the vestibule. The ends of the canals where the 
acoustic nerves enter are expanded into ^ ampiilhe,’ ib. and the 
nerves are'siipjiorted in exquisitely delicate vascular membranes 
lining the canals, and slightly projecting into the ampulhe. 

The cochlea is represented by an obtuse osseous conical cavity, 
fig. 55, 7 /, longer than in the Crocodile, \ cry slightly bent, with the 

conea vit y d i reeted back ward. 1 ts 
interior is occupied by two small 
cylinders of fine cartilage, each a 
little twisted, and united by a 
thin membrane at their origin and 
termination. They procrecd from 
the osseous bar, wiiich separates 
the two foramina, communicating 
re.s]>cctively, the one, ‘ foraiiH'ii 
rotundum,’ w ith the vestibule, the 
other, ‘ foramen ovale,’ with the 
tyinpanum. The suhnis, which is 
left between the cartilages, is dilated near the point, and accom- 
modatcfs the same branch of tlie auditory nerve, which is sent 
to the cochlea in Mammals. Tliis nerve spreads in fine fila- 
ments upon the united extremity of the cartilaginous cylinders. 
The cavity is divided by the presence of the cartilages into two 
‘ scalic,’ tlie anterior of which communicates with the vestibule 
and is not closed; the posterior seala is shorter, and w^ould 
communicate w ith llie tynipanum by the foramen ovale, w^ere it 
not closed by a inemhrane. Besides thesci ])arts the cochlea 
still ccnitaiiis a trace of the cretaceous substance which forms so 
conspicuous a ])art of the organisation of tlie internal car in 
Fishes. The Strutliioiis Birds manifest their closer relation to 
the Ileptilia by having tlie cochlea smaller in proportion to the 
other parts than in the ears of birds of flight. 

'I^ie cavity of the tympamun has been already described, p. 52 : 
besides the communications with the air-cells of the surrounding 
hone, it is continued by the ^eustaehian’ tube, fig. 55, <?, to the 
palate ; to the membrane closing the ‘ foramen ovale’ is applied the 
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base of tlie coliiinelliform stapes ; the mucli larger external aperture 
oi'tlie tympanic cavity is closed by the ear-drum, c. This is con- 
vex outwardly, semitransparent and glistening : the proj)er ^ mem- 
brana tyinpani’ is lined by that of the tympanic cavity, Avhich 
is cojitiinied into the eustachian tube ; and is covered externally 
by an epithelial layer, continuous with tliat of the meajtus: the 
former is more intimately united with the proper membrane. 
In this may be discerned an outer layer, showing more distinctly 
a striK^turc of radiating fibres, and one inner, thicker, and less 
distinctly fibrous layer. 

The margin of the ear-drum is set in a groove of bone, afforded 
by or attached to the tympanic anteriorly, the mastoid al)Ovc, and 
tlic paroccipital behind. One or more ])oints of ossification may 
be set u]) in the thick periphery of the drum, Avhich coalesce 
with the above-named bones. The membrane of the vestibule, 
jiassing across the foramen ovale, becomes a little thickened where 
it adheres to the margin of the disc of the stapes: the connection 
is such as to admit of a slight movement of the ossicle. From the 
disk the bone is continued, of a slender form, like a pedicle, to the 
cartilaginous bifurcation, and this is connected by a larger cartilagi- 
Tious [date, representing the Mnalleus,’ to the niembrana tymj)ani, 
at r, fig. To the latter cartilage, as to the ossified and coalesced 
incus and malleus of j\Iarsu[)ials, is attaclied the chief rmisele of the 
ear-drum, a ‘ tensor,’ fig. 55, /: it arises from a depression in the ba- 
sisphenoid, enters the tymjianic cavity above the beginning of the 
eustachian tube, and by its insertion into and acttioii npon the mal- 
leus, tends to push the membrane outward: it is counteracted by 
two small cords extended to the inner wall of the tympanum : hut 
the muscular character of them is doubtful, and the ear-drnm re- 
sumes its normal state when the lensor ceases to act. The eusta*- 
chiun tube, fig. 55, c, is continued from the lower and back [)ar1*of 
the tym])anic cavity, grooves the sides of the basisphenoid, as it 
converges toward its fellow, with which it unites, in most Ihrds, 
to tenninatc ))y a common aperture behind the posterior or palatal 
Glares. 

§ 144. Ortjan of Sif/ht in Birds , — avian jieculiaritics of the 
^ye chiefly relate to the extraordinary [)owers of locomotion in 
fills class, adjusting vision to a rapid change of distance in tlic 
objects viewed, and facilitating their distinct perception through 
a rare medium. 

There is no species of Bird in Avhicli the eyes* arc wantirijg, or 
Rudimentary, as occurs in the other vertebrate classes. 

The eyes of Birds are remarkable for their great size, both as 
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compared with the brain and with the entire head, fig. 56, being 
analogous, in this respect, to the eyes of some of the flying 
insects. Their form is admirably adapted to promote the objects 
above named. The anterior- segment of the eye is more promi- 
nent tlian in any other class of animals, and is in many Ilirds 

prolonged into a tubnhar form, 
terminated by a very convex cor- 
nea,* fig. 137, e ; the Owl fur- 
nishes the best examyde of the 
disproportion between tlie ante- 
rior and posterior divisions of the 
globe, the axis of the antei’ior 
y)orti(>n being twice as great as 
that of the otlier. This gives 
room for a greater ])roportion of 
a([ neons fluid, and by removing 
the ci'ystallinc lens from the 
retina, causes a greater converg- 
ence of the rays of light, by which 
the nocturnal bird is enabled to 
discern the objects placed near it, 
au<l to sec with a weaker light. 
The anterior division of the eye 
is least convex in the Swimming 
Birds. The antero-posterior dia- 
meter is to the transverse as 19 to 26 in the Swan, and as 17 to 
20 in the Duclc. 

The sclerotic coat, fig, 57, />, is divisible into three layers. 
It is thin, flexible, and somewhat elastic posteriorly, where it 
presents a bluish shining appearance, Init anterior!}' its form is 
iniKiitained l)y a circle of osseous plates or scales, ib, r/, fig. 26, 17 , 
inter])ose<l between the exterior and middle layers. These })lates 
\ary from thirteen to twenty in number, and are situated imme- 
diately behind the cornea, with their edges overlapping each 
other. ihey are in general thin, and of an oblong (yuadrate 
ligure, bcH'oming elongated from before backward in proportio]i 
as the bird possesses the power of changing the convexity of 
the cornea. In the Owls they extend from the cornea over the 
long anterior division of the eye to the posterior hemisphere, 
which they also contribute to form. The figure of the eye is 
thus maintained f notwithstanding its want of sphericity. 

Ihe bony plates are capable of a degree of motion upon each 
other, which is, however, restrained within certain limits by the 
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attachments of their anterior and posterior edges to the sclerotic 
coat ; and by their being bound together by a tough ligamentous 
substance, as it Avere the continuation of the sclerotic between 
the edges that overlap each other. 

The cornea^ fig. 57, r, possesses the same structure as in Mam- 
malia, but differs with respect to form. When the posterior part 
of the eye is com])resscd by the muscles, the humours arc urged 
forward and distend the cornea > which, at that time, becomes 
more prominent than in Mammalia; and under such circum- 
stances, the eye is in a state for perceiving near objects. When 
the musedcs arc relaxed, the cojitents of the eyeball retire to the 
posterior part, and the cornea becomes flatter: this is the con- 
dition in which avc find the eye of a dead bird, but we can have 
no 0 ])portunity of {)ercciAlng it during life. It is only practised 
for the purpose of rendering objects visible that arc placed at an 
extreme distance. From the Avell-known ctFects of form upon 
refracting media, it must be presumed, that the cornea is least 
convex when a bird which is soaring in the higher regions of the 
air, and invisible to us, discerns its prey ujxm the earth; its form 
will change as the bird descends Avitli unerring flight to the spot, 
as is ciistoniary with many of the rapacious tribe. 

Oil reflecting the sclerotica from the (;horoid, 
a grey substance is seen upon the fore part of 
the latter, like a ring: it consists of fibres 
showing, like those of the iris, the transverse 
striie, and Avhich serve to attach the choroid to 
the sclerotic olatos and contio’iioiis niar.cnii ol^ 
the cornea. Tliesc fibres are regarded by the 
anatomist, AA^ho first called attention to their 
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nVnscidar nature in Birds, as hclj)ing ‘ to accommodate the eye to 
the different distances of objects,’ being supposed to act* upon 
the cornea in a manner analogous to that of the muscles of the 
(lla])hragni upon its tendinous centre.^ 

The choroid coat is a loosely cellular and highly vascular mem- 
brane, devoid of Hapetum,’ and copiously covered or saturated Avith 
a black pigment. Ofiposite the bony circle the choroid separates 
into two layers ; the external layer is the thinnest, and adheres at 
first firmly to the sclerotica, after Avhich it is produced freely 
inAvaiyls to form, or be continuous with, the iris. 

The iris^ fig. 57, c, is delicate in its texture, which under the lens 
appears composed of a fine netAvork of interlacing fibres, but it is 
remarkable for the activity and extent of its moveinents, wliicJi 
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seem in some Birds to be voluntary. The contraction and dilata- 
tion of the pupil, independently of any cliangc in the quantity of 
light to which tlie eye is exposed, is most conspicuous and re- 
rnarkable in the Parrot tribe, but it has been o})served also in tlie 
Cassowary and other birds.* 

The colour of tlie iris is subject to many varieties, which fre- 
quently display great brilliancy, and afford zoologists distinguish- 
ing specific characters of Birds; although these cannot always be 
impli(*itly relied upon. The breadth of tlie iris varies in diffe- 
rent species, but is greatest in Birds winch take their food in the 
gloom, e. g., Owls and Nightjars, in order that the pupil may be 
proportionally enlarged to admit as much light as possible to the 
retina. The ciliary nerves and vessels run in the form of single 
trunks between the choroid and sclerotica, and terminate ante- 
riorly in several ring-sliapcd plexuses for the supply of the iris 
and of the muscular circle of the cornea. The pupil is usually 
round: in the (lOose and Dove it is elongated transversely, and 
ill the Owls is vertically oval. 

J.iie inner layer of tlic choroid is thicker than flic external, and 
is disposed in numerous thickly set ])lica3 radiating towards the 
anterior part of the crystalline lens, wliere tliey terminate in 
slightly projc'cting vlUan/ procesavs, fig. 57, d, the extremities of 
w'hich adhere firmly to the capsule of the crystalline. These 
processes are the most numerous, close set, and delicate in the 
Owl : they arc proportionally larger and looser in the Ostrich. 

1 he cliief peculiarity in the eye of tlie liird is the marsupiuin 
or pertcj/^ ih. which Is a jilicatcd vascular membrane analogous 
in structure to the choroid, and equally blackened by tlm pig- 
meiitum ; situated in tlie vitreous hninour anterior to the retina, 
and extending fi’oiu tlie point where the optic nerv’^c ])cnctratcs 
the e)ie to a grcjiter or less distance forward, lieing in many Birds 
attached to the jiostcrior part of the capsule of the lens. As its 
j)()sterior jioint of attachment is not to the choroid but to the 
terniination of the ojitic nerve, tliis requires to he first described. 

AVhcii the optic nerve, ib. r/, arrives at tlie sclerotic, it tapers 
into a long conical extremity’^, which glides into a sheath of a 
coil esponding figure, excavated in the substance of that mem- 
biane, and directed dow^nw^ard and oblirpiely fonvard. The 
central or inner layer of this sheath is split longitudinally, and the 
jdicated substance of the nerve, fig. 48, passes through this fissure. 
A similar but longer fissure exists in the corresponding part of 
the choroid . so that the extremity of the optic nerve presents in 
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tlie interior of tUe eye, instead of a round disc, as in Mammalia, 
a white narroAv streak, from tlic extremities and sides of which 
the retina is continued. Branches of the ophthalmic artery, dis- 
tinct from the vessels of the choroid, and liomologons with the 
artcria centralis rctirKB^ enter the eye between the lamime of the 
retina, alon^ the whole extent of the oblique slit above mentioned, 
and immediately penetrate the folds of the marsujnal membriine, 
u])on which they form delicate rajjuifications. These vessels are 
shown in fig. o8, representing the excised inarsiipium unfolded 
and spread out. 

The marsupium is lodged like a wedge in the substance of the 
vitreous humour, in a vertical jdane, directed obliquely forward. 
In those species in which the marsupium is Avidest, the angle 
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next the cornea readies the inferior edge of tlic capsule of the 
crystalline; but Avhere it is narrow, the whole anterior border is 
in contact with tlie same point. Hu’s contact is close in some Birds, 
as the Vulture, l.^arrot, Turkey, Cassowary, Stork, Goose, and 
Swan but in other Birds the marsupium does not extend further 
than two-thirds of tlie distance from the back jiart of the eye, and is 
attached at its anterior extremity to some of the numci’ous kminic 
of the hyaloid membrane which form the cells for the lodgment 
of the vitreous luunour. In these cases the marsupium can have 
no influence on the movements of the lens, unless it be endowed 
with an erectile property, and be so far extended as to push for- 
ward the lens. There is no muscular structure in the marsupium; 
and its changes of form, if such occur in the living bird, must be 
effected by changes in the condition of the vessels of Avhich it is 
almost exclusively composed. 

The form of the marsupium varies in different Birds ; it is 
broader than it is long in the Stork, Heron, Turkey, and Swan; 
and of the contraiy dimensions in the Owl, Ostrich, and Casso- 
Avary. Tlie plica3 of the mcmhraiic are jicrpcndicular to tlie 
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terminal line of the oi)tic nerve ; they arc of a rpunded figure in 
most species, but in the Ostrich and Cassowary they are com- 
pressed, and so far inclined from the plane of the membrane, that 
their convergence towards its extremity gives it a resemblance to 
a close-drawn purse. ‘ The folds vary in number, being four in 
the Cassowary, seven in the Great Horned Owl, eight in the 
Maccaw, ftom ten to twelve in the Duck and Vulture, fifteen in 
the Ostrich, sixteen in the Swan and Stork, and still more nu- 
merous in the Inscssorial Birds, amounting to twenty-eight, 
according to Socminerring, in the Fieldfare. 

The exact functions of the marsin)ial membrane are still in- 
volved in obscurity. Its ])osition is such that some of the rays of 
light proceeding from ol)jects laterally situated with respect to 
the eye must fall upon and be absorbed by it ; and Petit ac- 
cordingly supposed that it contributed to render more distinct the 
jicrception of ohjects placed in front of the eye. 

Some physiologists have supiioscd that this black membrjme 
was extended toward the centre of the eye, where the luminous 
rays are most jiowTrfully concentrated, in order to absorb the 
excess of intense light to wdiich Birds arc exposed in soaring aloft 
against the blazing sun. Others have considered it as the gland 
of the vitreous humour, and that, as this fluid must be rapidly 
consumed during the frecpient and cnergeti(j use made of the 
visual organ liy Birds, it therefore might require a superadded 
vascular structure for its reproduction. 

The marsupium may act as an eretdilc organ, and occupy a 
variable space in the vitreous humour : when fully injected, there- 
fore, it will tend to push forward the lens, either directly or 
through the medium of the vitreous humour, whic.h must be dis- 
placed in a degree corresponding to the increased size of the mar- 
supiu^ji; the contrary ctte(‘ts wdll ensue when the vascular action 
is diminished. The nocturnal Apteryx, in which the eye is so 
small, shows also the exception of the absence of the marsupium. 

The retina is continued from the ci rcuml’crcnce of the base 
of the marsupium, and after unfolding its plicas expands into 
a smooth layer of medullary raatter, which seems to terminate 
at the periphery of the (*orpus ciliare. In the Owls not more 
than bait the globe of the eye is lined by the retina; it ceases in 
fact wdiere the eye loses the spherical form at the base of the 
anterior cylindrical portion. 

< 

* The Pariisian Acwlcnriicians, who took their description of this part from the 
Ostrich, first applied to it tlie name of Marsupium or Bourse, xl*. 
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The humours of the eye uo less correspond to the peculiar 
vision of the Bird, and the rare medium througli which it ivS 
destined to move, than the shape of the globe and the texture of 
its coats. 

The acjueous humour is extremely abundant, owing to the 
extent of the anterior chamber gained by the convexity of the 
cornea, and its refractive power must be considerable in tlie 
liighcr regions of the atmosphere. T^he membrane inclosing it 
can be more readily demonstrated ill Birds than in most Mammals, 
esj)ccially where it adheres to the free edge of the iris. The lai ge 
size of the ciliary processes may liave the same relation to the 
re])roduction of the aqueous, as the marsupium is supposed to have 
with reference to the vitreoius, humour. 

The cry .stall ine lens is remarkable for its flattened form, espe- 
cially in the high-soaring Birds of Prey; it is also of a soft 
texture, and is without the hard nnclcns found in Fishes and 
Reptiles. In the Cormorant and other birds which seek their 
food in Avater, the crystalline is of a rounder figure, and this is 
peculiarly the case in tlie nearsighted yVpteryx and OavIs Avhicli 
hunt for prey in obscure light. It is inclosed in a distinet 
oa])Sule, Avhieli adheres very firmly to the depression in the an- 
terior part of the vitreous humour; the capsule is itself lodged 
hetwcicri two layers of the membrana hyaloidea, which, as they 
recede from each other to pass — the t>nc in front and the other 
beliind the lens — leave rouud its eireumfercnco the saceulated 
canal of l^ctit. 

The vessels of the lens are derived from thofie of the inarsii- 
pium, wliicli, as before observed, arc ramifications of tluj homo- 
logue of the arteria centralis retiiifc: this is not continued as a 
simple branch from its origin to the marsupium; but, imme- 
diately before ])enctrating the <M)ats of the eye, it breaks into 
numerous subdivisions, the aggregate of Avhich is greater thab the 
trunk AAdiencc they jiroceed, and these again unite, forming a 
plexus, f, fig. 59, close to the external side of the ojflic nerve. 
The artery of the marsupium ])roceeds from this plexus, and runs 
along the base of the folds, giving off at riglit angles a branch to 
eacli fold, Avliich in like manner sends off smaller ramuli, fig. 58. 
The plexus at the origin of the marsupial artery serves as a 
reservoir for supplying the blood required for the occasi<jnal full 
injection of the marsupium ; and a similar but lai-gcr plexus, fig. 
59, 4 , is formed at the origins of the ciliary arteries Avliich supply 
the erectile tissue of the ciliary processes and itis. 

The vitreous humour presents fcAv peculiarities Avovthy of note; 
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compared Avitli the aqueous liiimour, it is proportionally less in 
quantity than in the eyes of Mammals. The outer capsule formed 
by the hyaloid inembrane is stronger, and can be more easily 
separated from the liurnour. 

The eyeball is moved in Birds by four straight and two ob- 
lique muscles. The Recti muscles arise from the circumference 
of the optic foramen, and cx|)and, as they j)ass forward, to be 
inserted into the soft middle part of the sclerotic. We have not 

been able to trace their insertion dis- 
tinctly to the osseous circle ; their apo- 
neurosis cannot be reflected forward from 
the sclerotica without lacerating that 
membrane. 

The Ohliqid both arise very near to- 
gether from the anterior parietes of the 
orbit, and go to be inserted, the one into 
the uj»per, the other into the lower part 
of the globe of the eye; the superior 
obliquus docs not pass through a pulley, 
as in Mammalia. All the muscles arc 
proportionally short in this class, but especially so in the Owls, 
in wlucli tlie eye, from its large size and (dose ada|>tation to the 
orbit, can enjoy but very little motion. In figs, f5fi and 59, a is 
the rectus superior or attollens ; h the rectus inferior or dcpriniens ; 
c the 7'ecf ns exteraus ov uhdncens ; d the rectus interims or addu-’ 
certs; c the the ohliiiuus inferior; (j the 

quadratus; It the ppramidalis. 

The accessory j)arts of the eye in Birds arc similar to those of 
the higher lleptiles. There are three eyelids, two of which move 
vertically, and Inive a horizontal commissure, while tlie third, 
which is deeper-seated, swee|)s over the eyeball horizontally, 
from* the inner to the outer side of the globe. The vertical, or 
upper and lower eyelids, are composed of the common integu- 
ment, of a layer of conjinictiva, and between these of a liga- 
mentous aponeurosis, which is continued into the orbit, and lines 
the whole of that cavity. The lower eyelid is the one which 
generally moves in closing the eye in sleep, and it is further 
strengthened by means of a smooth oval cartilaginous plate, which 
is situated between the ligamentous and conjuiuhive layers. 

The orbicularis muscle is so disposed as by means of thi^ plate 
to act more powerfully in raising the lower than in depressing 
the upper eyelid. ' In the latter it is continued immediately along 
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the margin: in^^the loMTr eyelid the tarsal cartilage intervenes 
between the muscle and the ciliary margin. 

The levator palpehrcB superioris arises from the roof of the 
orbit, and is inserted near tlie external angle of the lid. There Is 
also an express muscle for depressing the lowfir eyelid, as in the 
Crocodile. In the Owls and Nightjar {Caprinudr/m) the eyeluLs 
are closed i)rincipally by the depression of the upper oye, Tliere 
arc but few Birds that i)ossess eyelashes; of these the Ostrich is an 
example, as also the Ilornbills ami the Owls, in which they are 
arranged in a double sei*ies ; but here they are rather to be con- 
sidered as feathers with sliort barbs, than true eyelashes. 

The tliird eyelid, or membrana nictitans, is a thin membrane, 
transparent in some Birds, in others of a pearly white colour. 

Two muscles are especially provided to effect its movements, 
but are so placed as to cause no obstruction to the admission of 
light to the eye during their actions. One of these is called the 
quadratus nktitantisy fig. 59, < 7 ; it arises from the sclerotica at the 
upper and back part of the globe of the eye, and its fibres slight ly 
converge as they descend towards the optic nerve, above which 
they terminate in a tendinous sheath, having no fixed insertion. 
The second nvusclc, called pqramidalis rdetitantky ib. 4, arises from 
the lower and nasal side of the eyeball : its fibres converge toward 
the upi)er j)art of the optic nerve, and terminate in a small round 
tendon which glides through the pulley at the free margin of the 
qiiadratKs \ thus, winding over the ner\ c, it passes down to be in- 
serted into the lower part of the margin of the tliird eyelid. By 
the simultaneous action of the two muscles, thaf uictitating lid is 
drawn outward and obliquely downwaril over the fore part of the 
eyeball. Tlie tendon of the pyramidal is gains the due direction 
for that action by winding round the optic nerve, and it is 
restrained from |)ressing upon the nerve by the counteracting 
force of the quadratus, which thus augments the jKiwer of the 
antagonist muscle, while it obviates any incoiiveiiioncc from 
pressure on the 0 ])tic nerve, which its jicculiar dis|)ositiou in 
relation to that part would otherwise occasion. The nictitating 
membrane returns, on the relaxation of its muscles, by virtue of 
its own elasticity, to the inner corner of the orbit, where it lies 
folded wlicii not in use. 

The lacrymal glands are two, as in Reptiles ; but the inner one is 
the largest, especially subserving the more frequent movements 
of tlie nictitating membrane: it is called the Muirderiau gland,’ 
fig. 56, d\ is situated at the inner or nasal canthus, has a lobu- 
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latcd exterior, and emits its Yiscid secretion by a short duct which 
opens beneath the third lid. The ^ lacrymal gland,’ fig. 59, <7, 
lies at the posterior and external part of tlie eyeball ; in the 
Goose it is of a flattened form, about the size of a pea, and pours 
its thinner transparent secretion, by a short wide duct, u])on the 
inside of the outer canthus of the eyelids. The uaso-lacrymal 
conduit cgmmences by two apertures at the nasal canthus, and 
terminates below and a little before the middle turbinal. In the 
Ostrich there is a glandular prominence at each ‘'punctum,’ ana- 
logous to a ‘ CMruncula lacrymalis,’ but this structure is not 
j)resent as a rule in Birds. 

Besides the two glands which serve to lubricate and facilitate 
the movements of tlie cyel)all and eyelids, there exists another 
gland which from its position in or near tlie orbit seems to belong 
to the lacrymal group ; but its secretion is exclusively employed 
ujxm the pituitary membrane of the nose, and it corresponds 
rather to the nasal gland of Scr])ents. In many water and marsli 
Birds the gland in (piestioii is lodged in the supcrorbital fossa, 
before described, p. (>1 ; but in most Birds it is situated within 
the orbit, cither beneath the nasal or between it and the maxil- 
lary : in tlie AVoodpecker it is found in the subocular air-cell. I 
have detected it in one or more species of every oi*der of Ih'rds. 
In the Aiiserincs the gland is large, and seems to coinj)letc the 
upper margin of the orbit, fig. 56, ky and is enclosed in a dense 
fibrous ca})siile. It is composed of ramified follicles, with cellular 
walls. In tlie Albatross and Penguin it sends two or three ducts 
to the nasal cavity. 
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CIIArTER XVll. 

DIGESTIVE SYSTEM OE 151 RDS. 

The digestive function is most potent and ra|)id in Birds, in 
order to suj)ply the waste occasioned hy tlieir extensive, frequent 
and energetic motions, and in accordance witli tlic ra])idity of 
their circulation and their liigh state of irritability.^ 

The parts to be considered with reference to this function are 
the rostrum or beak, the tongue, the <esopliagus, the stomach 
Avliich is always divided into a glandular and muscular ])ortion, 
the intestines, and the cloaca: with these are connected tluj 
salivary glands, the proventriciilar follicles, the liv er and j)ancreas. 

§ 145, Beaks of Birds , — The heak consists of an ^ up[)er 
mandible,’ supported by the maxillary and preinaxillary bones, 
and of a Mower mandible’ formed by tlie h)wer jaw. In place 
of teeth these bones are provided with a sheath of horny fibrous 
.material, similar to that of which the claws are conqiosed : 
this sheath is moulded to the shape of the osseous mandibles, 
hciiig formed by a vascular substance covering these ]>arts, and 
its margins are frc(]uently jirovidcd with homy ])rocesscs or 
himiiiic secreted by distinct pulps, analogous tu this respect to 
the whalebone lainime of the Whale. lu a fmtus of a Perroquet 
nearly ready for liatching, the margins of llie bill are beset wdtli 
white and round tubercles, arranged in a rcgulai* order, about 
seventeen in the upper jaw, the foremost on the mid-line.^ These 
tubercles are not, indeed, implanted in the alveolar border, but 
form part of the sheath of the hill. Under each tulierclc, 
however, there is a gelatinous pul[), like that of a tooth, l)ut 
resting on the edge of the jaw-bones, and every pulp is sujiplicd 
hy vessels and iKjrves traversing a canal in the siilistance of the 
hone. Those tubercles form the iirst margins of the mandibles, 
and their remains arc indicated by canals in the horny sheath 
siibseqifcntly formed, which contain a softer material, and which 
commence from small foramina in the margin of the bone. 

* The Cormorant devours, in captivity, six or eight pounds offish daily; what may 
bo the amount in its state of wild activity ! ^ xxxvi-. 

VOL. II. L 
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The different degrees of hardness and varieties of form of the 
beak exercise as much influence upon the nature of Birds as tlie 
number and figure of the teeth do u])on that of Mammals. 

Tlie beak is liardest in those Birds whicli tear their prey, as 
Eagles and Falcons; in those which bruise hard seeds and fruits, 
as Parrots and (xrosbeaks ; and in those. which pierce the barks 
of ti’ces,* as Wood])cckers, in the larger species of which the 
beak absolutely acquires the density of ivory. Tlie hardness 
of the coAcring of the beak gradually diminislies in those Birds 
Avhich take Jess solid iiourisJiment, or whicli swallow their food 
entire ; and it changes at last to a soft skin in those which feed 
on tender substances, or Avhich liaA e occasion to ])robe for their 
food in muddy or sandy sciils, or at the bottom of the water, as 
Ducks, Snipes, A\ oodcocks, &c. 

CcEteris jtarihua^ a short beak must be stronger than a long one, 
a thick one than a thin one, a solid one than one which is flexible ; 
but the general form produces much variety in the ap])lication of 
the force. A compressed beak with trenchant edges, and a 
hooked, sharp-jiointcd end, is the fit instrument for seizing and 
slaying prey, whether birds, beasts, or fishes ; and such ^ aduncate’ 


l)cak is seen in the Frigate-bird, Tropio 
bird, Albatross, Petrel, fig. 52, but coni- 
b i ned with length in these pi s(‘i vorous b i rd s. 

^ In the .Raj)tore,s the beak is shorter and 
stronger, and in some gencj’a a tooth-like 
iicakofRiicon. proccss Oil citliev side of the upper man- 

dible, fig. 60, adds to its destructive 
power: hence tliC Falcons, having this armature, are reckoned 
the more ^ noble’ or courageous birds of prey. 

The Shrike (^Lanins) and Yanga, Avhich have their bill similarly 
♦ armed, fig. 61, have the cruel disposition of tlie 

IIawd<, but take prey proportioned to their small 
size : and the ^ tooth’ is confined to the horny sheath, 
^ fig. 61, not dcvelojicd on the bone. As the beak 

iieakof.isi.iik*.. becomes straight er and conical Avith the margin 
entire, tlie bird is less daring in attacks on otlicr 
kinds, tiiough occasionally predaceous Avlien large and strong (as the 
62 liaA'cn and Crow, fig. 62): but most 



JJeak of a Crow. 


‘ conirostrals ’ are omnivorous, and 
the rest granivorous, as the’^ Hard- 
billed Passeres^ of Bay. AYhen the 
cone is attenuated and lengthened 
out, fig. 63, it is adapted to extract 
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delicate insects from 'the recesses of trees and flowers: and the 
type ‘ tcniiirostrals ’ (^Trochilidce) may suck up, also, the sweet 
juice of the nectarium. 

The Fissirostruls, fig. 64, like the Ilumming-hirds, feed on tlie 


63 64 



{Orthorhynciis). Rostrum of the Cnpriinulffiis. 

wing, hut as their food consists of volant insects, the form of the beak 
is modified accordingly, and is remarkable for its shortness and 
tlic wideness of its gape, fig. 64, especially in the typical families. 
In these the mode of catcliing the prey is conformable to their 
distinguishing characters ; they receive it in full flight into the 
cavity of their mouths, which remain open for that purpose, and 
where a viscous exudation within, and a strong fence of ‘ vibrissas ’ 
on the exterior, assist in securing the victim. 

A strong, trenchant and pointed, })ut elongated and straight, 
hill serves to cut and jucrcc, and characterises many Waders 
]>reying upon rc])tilcs, fishes, and animals that offer some rcsist- 
nnee : such a 1)eak is found in the Herons and Bitterns. As it 
becomes more lengthened and attenuated it is adapted to prey of 
a loAver grade of life, and to 
get at these it is endowed 
Avith a S|)ecially sensitive 
apex. In the Ibis and Cur- 
lew such a beak is curved 
down, fig. 3 : in the Jabirii, 
fig. 65, it is bent up. Some 
trenchant bills arc so com- 
pressed as to resemble the 
blade of a knife; these offer least resistance in the swift pursuit of 
fishes, and are seen in the Awks, Puffins, and Coulterncbs, in Avhicli 
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latter the be^fk may be as deep as it is long. The Skimmer 
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{Rhyncopfi) has the further peculiarity of an inequality in the length 
of the two maiuliblcs, the upper one being the shortest, fig. 66 , so 
that tills sea-bird gets its food, which consists of floating marine 
animals, by piisliing and tilting them within the action of tlie 
upper blade as it swims along. 

A sharp-edged beak may be as remarkable for transverse ex- 
tension and dejircssion, or horizontal flat- 
telling: and such a form serves for cap- 



turing fishes and reptiles: it is seen in 
tlic lloatbills of South America (CV/w- 
croma)^ fig. 67, and of Nubia {Baloi/n- 
ceps). 


lliJl i)f tho Uuritlj 


Of the blunt-edgcd bills we may first 
notice those wliich arc flattened hori- 


zontally. AVhen a bill of this description is long and strong. 
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Bill fuiU ])(jucli of the rdicau. 


as in the Pelican, fig. 68 , it serves to seize large but feebly 
rcsiiiting fishes. 

W hen it is long and weak, as in the Sjioonbill, which derives 
its name from the dilated extremity of the mandibles, it is only 
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Bill of the Spoouhill. 


of the Flamingo, of which the 


available to seize amid sand, mud, 
or water, very small Crustaceans, 
Molliisks, &c., fig. 69. 

The more or less flattened bills 
of Ducks, the more conical ones 
of Geese and Swans, and that 
extremities of the mandibles are 


bent downwards abruptly, fig. 70 , have all transverse horny 


lamina; arranged along their edges, which Avhen the bird has 
seized any object in the water, serve, like tlic whaleboue laminas 
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of the Whale, to give passage to the superfluous fluid. The 
aquatic habits of all these 
birds are in harmony witli 
this structure. But tlie long- 
legged palmiped sifts the sand 
of the sea-shore l)y raking it 
up Avith llic bill reversed, as 
shown in fig. 14. In the 
Goosanders 71), 

the lateral laminin are de- 
veloped into small conical 
reflected tooth-like processes, 
which serve to hold fast the 
fishes on which they feed. 

The bills of the Toiicans and ITornbills are remarkable for 
their enormous size, which is sometimes equal to that of the 
. whole bird. The substance of the 
beak in these cases is extremely 
light and delicately cellular ; yet 
the osseous portions arc adapted 
to combine, with great bulk, a 
due degree of strength. The 
external parictes arc extremely 
thin, especially in the upper beak : they arc clastic, and yield 
in a slight degree to moderate pressure, but present consider- 
able resistance if the force be increased for .the pur|)osc of 
crushing the beak : they gain thickness at the points of tlie man- 
dibles. 

On making a longitudinal section of the upper mandible, 
fig. 53, its base is seen to include a conical cavity about two 
inches in length and one inch in diameter, witli the apex dircerted 
forward. The walls of this cone consist of an osseous netwoj*k, 
intercepting irregular angular spacc^s, varying in diamcjtcr from 
half a line to two lines. From the parictes of the cone a net- 
work of bony fibres is continued to the outer parictes of the 
mandible, the fibres which immediately support the latter being 
almost invariably at right angles to the part in wdiich they arc 
inserted. The whole of the mandible anterior to the cone is 
occupied with a similar network, the meshes of which are largest 
m the centre of the beak, in consequence of the union which 
takes place between different small fibres as they pass from the 
Circumference" inwards. The principle of the cylinder is intro- 
duced into this structure : the smallest of the suiqiorting pillais 
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IJill of Mit> (rOoBjmdor. 
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are hollow. The structure is the same in the lower mandible, 
ib. »?, but the fibres composing the network arc in general 
stronger than those of the upper mandible. 

The air is admitted to the interior of the upper mandible from 
a cavity, ib. h, situated anterior to the orbit, which communicates 
at its posterior part with the air-cell continued into the orbit, and 
at its anterior part Avith the maxillary cavity. The nasal cavity 
is closed at every part except at its external and internal apertures 
by the pituitary membrane, and has no communication Avith the 
interior of the mandible.^ 

The horny sheath of the mandibles in the Hornbills and Toucans 
is so thin that it often becomes irregularly notched at the edge 
from use. The Hornbills have, besides, upon their enormous 
beak, horn-like jn'ominences of the same structure and of different 
forms, the use of which is not knoAvn. 

The Trogoiis, Touracos, Buccos, &c., exhibit foinis of tlie bill 
Avhich arc intermediate to that of the large but feeble bill of the 
Toucans, and the short, but hard, strong, and broad bill of the 
Parrot-tribe, Avhich is also hooked, so as to assist in climbing, like 
a third foot, fig. .fO. 

The short, conical, and vaulted beak of the Rasores, fig. 72, 
s(?rves to i)ick up Avith due rapidity the vegetable seeds and 
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of Ciuiui'.'i fiMvl. 


grains Avhicli constitute their food, as Avell 
as small insects, as ants, &c., Avith which the 
young are frequently nourished. The tooth- 
billed pigeon of the Samoan Isles has the 
lower mandible deeply cleft into three points 
near the top, and the upper mandible hooked, 
the better for seizing fruit and denuding 


})alm-nuts and other strongly coated kinds, 
l^ie bills of the small liisessorial or Passerine birds present 
every gradation of the conical form, from the broad-based cone of 
the Hawfinch to the almost filamentous cone of the Humming- 
bird, fig. 63, and each of these forms influences the habits of 
the species in the same manner as in the larger birds. The 
short and strong-billed Insessorcs live on seeds and grains; 
those Avith a long and slender bill on insects or vegetable juices. 
If the slender bill be short, flat, and the gape very Avide, as 
in SAvallows, the bird takes the insects Avhilc on the Aving; if 
the bill be elongated and endoAved Avith sufficient strength, 
as in the Hoopoes, it serves to penetrate the soil and pick out 
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Avomis, &c. One kind of Ilummlng-bird, feeding on spiders, lias 
the end of the bill finely toothed. 

Of all bills, the most extraordinary is that of the Cross-bill, in 
which the extremities of the mandibles curve towards opposite 
sides and cross each other at a consklerable angle — a disposition 
which at first siglit seems directly opj>osed to tlie natural inten- 
tion of a bill. With tins singular dispositi(ui, the Cross-1)ill, 
however, possesses the power of bringing the points of the man- 
dibles into contact with each other ; and can ])ick uj) the smallest 
seeds, and shell or husk larger kinds like other birds. But the 
disposition and power of the muscles is such that the bill gains by 
its very apj:)arciit defect the rccpiisite power for breaking uj) the 
pine-concs and wrenching out the seeds that constitute its usual 
food. 

§ 14G. Tompies of ilirds . — Hie tongue, as lias been already 
observed, can hardly be considered as an organ of taste in liiids, 
since, like the mandibles, it is generally sheathed with horn. It 
is principally adapted to fulfil tlie offices of a prehensile organ in 
association with the beak, and it presents almost as many varieties 




of form. The length of the tongue ' 

depends chiefly on that of the 

glossohyal, fig. 7o, 42. In most 

l)irds it is lengthened out by a ' 

cartilage, ib. a/, appended to its 

. ri'M • • 111 • llyuid aiul uiHHT Uiryiix 

extremity. Lins is remarkable in a. 

the Swan and other Lamellirostres, 




The ceratoliyals are obsolete. The basihyal, 4i , ('ontracts as it 
recedes to support the urohyal, 4a, and the hyjio- 40, and cerato- 
47, l)i*anehials are modified to form the posterior cornua or ‘ thyro- 
hyals,’ whicli are of moderate length. The tongue supported by 
the glossohyal is broad, and furnished Avith a series of retro verted 
fipiucs, fig. 75, D. In the Humming-bird the horny sheath of 
the glossohyal is divided at its extremity into a pcmcil of fine 
hairs. ,ln the Toucan’s tongue, fig. 51, the sheath gives off 
from the lateral margins stiff bristle-like ])rocesscs wliieli project 
forward : this structure is continued to the apex, and the tongue 
so provided becomes an instrument for testing the softness and 
I'ipeiiess of fruit, and the fitness of other objects for food, thereby 
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acting as a kind of antenna or feeler. A similar but less deve- 
loped structure is found in the tongue of the frugivorous Touraco. 

In the Woodpeckers the apex of the horny sheath, fig. 74, 77, 
a, gives off at the sides short pointed ])rocesses directed back- 
ward, converting it into a barbed instrument for holding fast the 

insects which its sharp point 



Onuilntn and toiifrue of a WoodiK-'ckor. 


has transfixed, after the 
strono; beak has dislodijccd 
tliein from their hiding 
])laccs. The cornua (thyro- 
hyals, ib. 46, 47) wind round 
the back of the head, and 
converge as they pass for- 
ward to be inserted in a 


canal generally on tlie right side of the upper mandible, ib. c. 

Tlic tongue of the Flamingo is almost cylindrical, slightly tlat- 
tened al)ove, and obliquely truncate anteriorly, so as to corre- 
spond w'ith the form of the inferior mandible. The pointed 



TonRuc A. Snipe. B. Fieldfare. C. Kingilshcr. I). Goose. eaxL*. 


extremity of the truncated part is supported beneath by a small 
horny plate. Along the middle of the upper surface there is a 
moderately deep and wdde longitudinal furrow' ; on either side of 
which there are from tw'enty to twenty-five recurved spines, Ironi 
one to three lines in length. These sinnes arc arranged in an 
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irregular alternate scries: the outer ones being the smallest, 
which may almost be considered as a distinct row. At the pos- 
terior part of the tongue there are two groups of smaller recum- 
bent spines directed towards the glottis. The substance of the 
tongue is not muscular, but is chiefly composed of an abundant 
clastic cellular substance, permeated by an oily fat.^ Of like 
nature is the tongue in Anserines: but the retrovcrted’spincs ai'C 
marginal, fig. 75, d. The tongu(>of the great renguin is beset 
with horny spines like a hedgehog’s skin. 

In the Raptor as the tongue is of a moderate length, broad, 
and somewhat thick, and has a slight division at the tip. In the 
Vultures its sides can be voluntarily approximated so as to form 
a canal, and its margins arc provided with retroverted spines. In 
the Kaven it is bifid at the apex : it is more deeply cleft in the 
^ Nutcracker.’ 

In the Struthious Birds, in many of the Waders, and in the 
Pelaajinidm^ the tongue is remarkably short, as it is likewise in 
the Kingfisher, fig. 75, c. In the Snipe it is as remarkable fin' its 
lengtii and slenderness, ib. A. In tlie Fieldfare ( Tiinlus pilaris) 
the shcatlv is resolved into fine filaments at the apex of the 
tongue, ib. lu 

In the Parrots the tongue is thick and fleshy, is terminally 
tufted in Lories, serves admirably to keep steady the nut or seed 
upon which the strength of the mandibles Is exerted, and is ap])lied 
to the kernel so extracted, as if to ascertain its sa])id qualities. 

The following are the muscles of the tongue in Birds. 



Muscles of tlio tongue of the Fieldfare [Turdus pilarit). 


1st. The Mylo-hyoidejtsx this is a thin layer of fibres attached to 
the lower and inner border of the lower jaw, and running trans- 
versely to a mesial tendon which separates them, and extends to 
the urohyal. It raises the tongue toAvards the palate. 

2nd. The StyMiyoideus, fig. 76, a, arises from the upper and 
back part of the lower jaw, and is inserted into the thyrohyal at 
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its junction with the basihyal. In some birds it divides into three 
or more portions : the posterior descends obliquely forward, and 
is inserted into the tendinous commissure of the mylohyoideus : 
the middle portion is inserted into the urolvyal : the anterior fas- 
ciculus is inserted into the side of the basihyal above the trans- 
verse hyo^lossus. The actions of these dllFerent i)ortions vary 
according to their insertion ; the first and second depress the apex 
of the tongue by raising the urolvyal, the third raises the tongue 
and di*aws it to one side when it acts singly. 

3rd. Tlic Genio-hi/oideusy fig. 76, /> : this arises by two fleshy 
bands from the loAver and internal edge of tlic lower jaw ; these 
unite, pass backward, and surround the cornua (thyrohyals) ; and 
as they draw them forward protrude the tongue from tlic beak. 

4th, The Cerato-hyoidem : this passes from the thyrohyal to 
the urohyal, and is therefore subservient to Ihe lateral movo- 
ineiits of tlie tongue. 

5th, The Sterno-hyoidei: these arc replaced by a slip of 
muscle 'which extends from the anterior surface of* the upper 
lai'ynx to be attached to the base of tlie glossohyal. 

6th. A small and short muscle, which is single or azygos; It 
jiasses from the basihyal to the under ])art of the glossohyal ; it 
depresses the tip of the tongue and elevates its base. 

7th. A short muscle, fig. 75, c, wdiich arises from the junction' 
of the basihyal with the urohyal, and is inserted into the thyro- 
hyal.* 

All these muscles are remarkably large in the AYoodyicckcr, in 
which there is a singular pair of muscles that may be termed 
Cerato-trachrales (fig. 77, /<). They arise from the trachea 
about eight lines from the upper larynx, tw^ist four times sjiirally 
round the trachea, and then yiass forward to be inserted into the 
base ‘of the thyrohyals. I'his is the priiudpal retractor of the 
singular tongue in this species. 

§ 147. Salivary Glands, — The salivary organs, being in general 
developed in a degree corresponding to the extent of the changes 
which the food undergoes in the mouth, and the length of time 
during wdiicli it is there detained, are by no means so conspicuous 
a part of the digestive system in Birds as in Mammals. Glands 
which pour out their secretion upon the food prior to deglutition 
are, however, met w ith in every bird, but vary in number, position, 
and complexity of structure. 

In some species, as the Crow, they are of the simplest struc- 
ture, consisting of a series of unbranched, cone-shaped follicles or 
* Dr. Salter proposes the name of ‘ Cerato-glossal * for this muscle, ccxi/. p. 1140. 
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tubules, opening separately upon the miKious membrane of the 
mouth, along the sides of which cavity they are situated. They 
pour out a viscid mucus, and 
are tlie only traces of a sali- 
vary system met with in this 
bird. 

In many other birds, and 
especially in the Scratching, 

Wading, and Swimming Or- 
ders, glands of the conglo- 
merat(^ structure are found 
beneath the lower jaw, an- 
swering to the submaxillary 
glands of quadrupeds. 

In the (loose tlicy occupy 
tlie whole of the anterior part 
of the spa(ie included by th(i 
rami of the lower jaAv, being 
oF an elongated firm, Hat- 
tened and closely united to- 
gether at the middle line. On 
(Fither side of this line the 
iiuicous membrane of the 
mouth jiresents internally a 
series of jiorcs, each oF which 
is the terminal orifice of a 
distinct gland or aggregate of 

r5 oo C5 

ramified ducts. 

A third and higher form of 
salivary gland, in which the 
secretion of the conglomerate 
mass is -conveyed into the 
mouth by a single duct, is 
found in the Woodpeckers 
and some species of the Ka- 
pacions Order. In the latter 
birds these glands arc termed, 
from their situation, anterior 
palatine I in the Picat they 
correspond to the parotid and 
sublingual of Quadrupeds. 

riM 11. . , T ugue aud salivary Bluiulsi, Wo idpcckor. 

ihe sublingual glands ot 

the Woodpecker, fig. 77, z, are of extraordinary size, extending 
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from the angle to the symphysis of the lower jaw. The single 
ducts of each gland unite just before their termination, which is 
a siinj)lc orifice at the aj)ex of the mouth. 

Besides the preceding, which may be considered as the true 
salivary glands, there are numerous accessory follicles in different 
parts of the oral apparatus of Birds. In the Waterhen {^Gnlh- 
nula chloropus) there is a series of cmcal glandular tubes along 
each side of the tongue: similar elongated follicles arc situated 
along the margin of the lower jaw, resembling in their parallel 
pectinated disj)osition the branchiai of Fishes. In the Goose the 
corresponding follicles are longer and wider, and are situated near 
the sides of the tongue. In the Raven these mucous follicles arc 
narrower but longer. The glandular structures supplying the 
mouth in Birds may be summed up under the following heads : 
^folliculi linguales,’ ^glandulrc sublingual cs,’ ‘ glandular sulnnaxil- 
lares ’ (7Yc2, Baptores, Basores, Apterunfi/tes), ^ glandular anguli 
oris ’ (Swan, Cantor es^ Diurnal Raptores) ; ‘ folliculi proglottid ci ; ’ 
^ folliculi post-nasales,’ i.e., opening behind the posterior nostrils ; 
^ amygdahe,’ or close-set groups of follicles, in two rows, opening 
behind the eustachian outlet. 

§ 148. Alimeutari/ Canal, — The food, after being imbued with 
the secretion of the preceding glands, is poised upon the tongue and 
swallowed, partly by means of the pressure of the tongue against 
the palate, partly by a sudden upward jerk of the head. The pos- 
terior apertures of tlie nostrils being gene rally in the form of narrow 
fissures arc undefended by a soft palate or uvula; and the laryngeal 
aperture, which is of a similar form, is in like manner unjn'ovided 
with an epiglottis, but is defended by the retro verted papillie at tlic 
base of the tongue. In many Birds, indeed, as the Albatross and 
Coot, til ere is a small cartilage in the usual place of an epiglottis, 
but«insuffici(mt to cover more than a very small jiart of tlic laryn- 
geal aperture.' The surface of the mouth is rarely smooth above, 
commonly provided Avith retroverted jiapilla) : similar mechanical 
helps to the right course of the food occur at or near the fauces, 
in addition to those .already noted on the tongue. The width of 
the mouth in Caprimulfjus^ and the length and depth due to the 
mandibular pouch in the Pelican, are remarkable. The extensi- 
bility of the membrane between the rami of the lower jaAV admits 
of its formation into a bag, fig. 68, «, avIucIi is calculated to con- 
tain ten quarts of Avater, and serves as a receptacle for fishes, 
making in that state a conspicuous appendage to the huge bill ; 


• Fur these structures in Birds, see xxxvii*. p. CIS. 
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wlicn empty it can be contracted so as to be hardly visible. By 
means of this mechanism a quantity of food can be transported to 
the young ; and, as in disgorging the bleeding fishes the ])arent 
presses the bottom of the sac against her breast, this action has 
probably given rise to the fable of her wounding herself to nourish 
the young with her own blood. ^ 

The Swift presents an analogous dilatation of the fauoial mem- 
brane at the base of the lower jaAv and Upper part of the throat : 
it is most develoj)ed at the period of rearing the young, Avhen it 
is generally found distended with insects in the old binls that are 
sliot Avhile on the wing. A similar structure obtains in the Hook, 
and probably in other Insectivorous Birds. It is notable in the 
Nutcracker ( Carijocatactes) ; which, descending from its favourite 
snowy altitudes, may be seen to return with a swelling like an 
enormous goitre as big as the head, formed by the gular pouch, 
crammed with nuts.* 

The oesophagus, //, fig. 94, a, fig. 78, like the neck, is usually 
very long in Birds : as it passes down, it generally inclines to- 
Avard the right side; it is partially covered by the trachea, G, 
fig. 94, and connected to the surrounding parts by a loose cellu- 
lar tissue. It is Avide and dilatable, corresponding to the im])er- 
fcction of the oral instruments as comminutors of the food. In 
the rapacious, and especially in the piscivorous Birds, it is of great 
ca])acity, enabling the latter to swallow the fishes entire, and 
serving also in many Waders and Swimmers as a temporary re- 
pository of food. 

When the Cormorant has by accident swa1Iow%5d a large fish, 
which sticks in the gullet, it has the power of inllating that part 
to its utmost, and Avliile in that state the head and neck arc 
shaken violently, in order to promote its passage. In the Gannct 
the (esophagus is extrenudy capacious, and, as the skin AvhicJi 
covers it is ccpially dilatable, five or six herrings may be contained 
1 herein. In both these species it forms one continued canal with 
the stomach. In the Flamingo, on the contrary, the diameter of 
the gullet does not exceed half an inch, being suited to the 

^ When writing the article Ayes for the * Cyclopedia of Anatomy,’ in 1835, I luul 
not dissected a male Bustard, and introduced the old figure from * Edwards’s Nat. Hist, 
vol. ii. tab. 73 (1747),’ fig. 54, with the current story of the suh-gular watcr-pouch, 
which Et^wards derived from the anatomist Douglas. In 1848 I had the desired 
opi)ortunity and made the preparation, No. 772, o, described in the ‘ Bliysiologic.'il 
Catalogue of the Hunterian Collection.’ The supposed gular pouch is a large cervical 
Jiir-cell, fig. 54, a, capable of inflation and singularly swelling out the neck in the 
iiniorous male Bustard. See xxxviii*. 
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smallness of the objects which constitute the food of this spc> 
cies. 

Besides deglutition, the ccsophagiis is frequently concerned in 
regurgitation ; and in the Birds in which this phenomenon occurs, 
the muscular coat of the gullet, like that in Kuminants, is well de- 
veloped. The Baptores, for example, habitually regurgitate the 
bones, feathers, and other indigestible parts of their prey, which, 
ill the language of Falconry, are called ^ castings.’ I have ob- 
served a Toucan to regurgitate partially digested food, and after 
submitting it to a rude kind of mastication by its enormous beak, 
again to swalloAv it. 

The cesophagus possesses an external cellular covering, a mus- 
cular coat, an internal vascular tunic, and a ciiticular lining. ^Fhe 
muscular coat consists of tAvo layers of fibres; in the external 
stratum they are transverse, fig. 81, a, in the internal longitu- 
dinal, ib. f). The mucous coat is generally dis])osed in longi- 
tudinal folds, rarely connected by transverse folds; still more 
rarely villous, as in the Ostrich.* 

In those Birds which arc omnivorous, as the Toucans and 
Ilornbills, in the frugivorous and insectivorous Birds, and in 
most of the Gralln fores, Avhich find their food in tolerable abun- 
dance and take it in small quantities Avithout any considerable 
intermission, it ])asses at once to the stomach to 1)0 there suc- 
cessively digested, and the gullet presents no partial dilatations 
to serve as a temporary reservoir or macerating receptacle. But 

in the larger Raptorial 
Birds, as the Eagles and 
Vultures, Avhich gorge them- 
selves at uncertain intervals 
from the carcases of bulky 
prey, tlic msophagus docs not 
preserve a uniform Avidth, 
but undergoes a lateral di- 
latation anterior to the fur- 
ciilum at the loAver part of 
the neck. This pouch is 
termed the ingluvies or 
crop, fig. 78, h. 

In those Birds, again, the 
food of Avhich is exclusively 
of the vegetable kind, as 
grains and seeds, and of 
xx*. voi. 1 . p. 120, prep. no. 468. 


78 



nigcKtivc can.'jl of .in Eagle. 
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which consequently a great quantity must be taken to produce 
tlie adequate supply of nutriment, and where the cavity of the 
gizzard is very much dimi- 
nished by the enormous 


thickness of its muscular 
coat, the crop is more de- 
veloped, and takes a mcvi-c 
important share in the di- 
gestive process. Instead 
of a gradual lateral dilata- 
tion of the gullet, it as- 
sumes the form of a glo- 
bular or oval receptacle 
appended to that tu})e, and 
rests upon the elastic fascia 
wliich connects tlie clavi- 
cles ortAvo branches of the 
furcul um togeth cr. 



Digestive canal, Conunon Fowl. 


In the (Jonimon Fowl the crop is of large size and single, 
iig. 79, />, but in the Pigeon it is double, consisting of t^vo lateral 


oval cavities, fig. 80, />, c. 


The dilatation of the 
tcsophagus to form the 
crop is more gradual in the 
Ducks than in tlie Galli- 
naceous Birds. The croj) 
is wanting in the Swans 
and Geese ; but is present 
ill that modified Anserine, 
the Flainino-o. 

The disposition of the 
muscular fibres of tlie crop 
is the same as in the ccso- 
l>hagiis, hut the muci[)ar- 
ous follicles of the lining 
membrane are larger and 
more numerous. This dif- 
ference is most conspicuous 
in the ingluvics of the 
granivevrous Birds, Avhere 
it is not merely a tempo- 
rary reservoir, but in Avhich 



Croji of a rig( 


the food is mixed with the abundant secretion of the glands, and 
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becomes softened and macerated, and prepared for tlie triturating 
action of the gizzard and the solvent power of the gastric secretion. 

Tlie change which the food undei'goes in the crop is Avell knoAvn 
to bird-fanciers. If a Pigeon be allowed to swallow a great 
quantity of peas, they will swell to such an extent as almost to 
suffocate it. 

The tirfic during which the food remains in the crop depends 
upon its nature. In a common Fowd animal food will be detained 
about eight hours, wdiile half the quantity of vegetable substanfcos 
will remain from sixteen to twenty hours. Hunter made many 
interesting observations on the crop of Pigeons, which takes on a 
secreting function during the breeding season, for the purpose of 
supplying the young pigeons in the callow state with a diet suit- 
able to their tender condition.' An abundant secretion of a 
inil]<y fluid of an ash-grey colour, Avhich coagulates with acids 
and forms curd, is poured out into the crop and mixed with the 
macerating grains. This })henomenon is the nearest approach in the 
class of Birds to the characteristic mammary function of a higher 
cIuSkS; and the analogy of the ^pigeon’s milk’ to tlic lacteal secretion 
of the Mammalia has not escaped popular notice. In fig. 80, one 
side of the crop, shows the ordinary structure of the j)arts, the 
otlier, c, the state of the cavity during the j)criod of rearing the 
young. The secretion consists of proteine with oil, but contains 
no sugar of milk nor fluid cascinc. 

The canal continued from the iogluvie*s to the stomacli is called 
the lower ccsophagus ; at its commencement it is narrower and 
more vascular *tliau that part wliich ])reccdes the crop, but 
gradually dilates into the first or glandular division of the 
stomach, w'hich is termed the ‘ proventriculus’ {ventriculus sue- 
ccMariatus, hnlhas f/landulosus, echinus , rnfujidlhulurti), figs. 78, 
79, .80, c. 

The fxroventriculus of the Bird, like the spiral valve of the 
Shark, is an alimentary surface packed into the smallest space : 
in the latter the membrane is chylific, in the former chymific or 
digestive ; every follicle is, in fact, a portion of the peptic secret- 
ing surface, wdth its gastric tubuli at right angles thereto ; the 
surface being moulded to form either a simple or compound 
cavity. 

In birds wdth a Avidc (Esophagus, fig. 78, the commencement 
of the proventriculus is not indicated by any change in the 
direction or diameter of the tube, but only by its greater 
vascularity, by the difference in the structure of the lining mem- 

' xciv. p. 124. 
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brane, and by the stratum of glands wliich ojien upon its inner 
surface, and Avhicli are its essential characteristic, fig. 81, c. 
Hence it is by some comparative anatomists 
regarded as a part of the msophagiis. 

The proventriculus varies, however, in 
form and magnitude in different Birds. In 
the Rasorcs it is hirgei* than the .rsopha- 
gus, but much smaller than tlie giz^ird; In 


it forms almost the entire sto- 


■mach, the gizzard being minute: in Alcedo 
opposite proportions })revail. In the Rsit- 

itfreidof* and Ardeidce (Parrot and Stork rjirt of Mic im)\'('iilri(’:iilua of a 
trib^ it is larger than tlic gizzard, and of a ‘ 

different form. In the Ostrich the proventriculus is four or five 
times larger than the triturating division of the stomach, being 
continued down below the liver, g 2 

and then bent up upon itself f /y/J/9/J/} 

towards the right side before it g 
terminates in the gizzard, which z j 

is placed on the right and anterior | \ Guimct 

part of this dilatation. 5 

In the majority of Birds the § Sea-gull, 

gastric follicles arc siuii)lc, having , Mmaaaa 

no internal cells, dilated fiindns, • ligeon. 

or contracted neck; but from 

their external blind extremity ^ ^ Swan. 

])rocced Avith an uniform diameter 

to their internal orifice. T1iis £^6/ Goose, 

form obtains in the z()o])hagoiis ^ jf) 

and omnivorous Birds. In the § 

Dove-tribe the follicles arc of a | j jO * 

conical shape ; in the SAvaii they § \ / Turkey, 

are tubiiliform ; in the Goose and % (y (y k/ 

Turkey they present Internal o 0)^ 

loculi ; in the Ostrich and liliea Rl»ca. 

these loculi are so developed that ^ 
each gland forms a racemose 
group of follicles, terminating by 

a common aperture in the pro- Ostrich, 

vcntriculus. I %y 

The subjoined figures sIioav the different forms of the solvent 
or proventricular glands in different Birds. 


Viirt of Mic im)\'('iilri(’:iilua of a 

riwnii 


Gun net. 


Sea-gull. 


mmc6 


'Mi. 


Turkey, 


Ostrich. 
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The gastric glands are variously arranged. : 

Among the Raptores, Ave find tlifem in the Golden E/aglc dis- 
posed in tlie form of a broad coin})act belt; in the Sparrowhawk 
tliis belt is slightly divided into four distinct portions. 

In the Insessores the glands are generally arrjingcd in a con- 
tinuous zone around the ])rovcntricnlus ; but in some of the 
S)/iidact//lh as the Hornbilb the circle is composed of the blending 
together of two large oval groups. 

Among the Scanmres the Parrots liavc the gastric glands dis- 
posedjn a continuous circle, which is at some distance from the 
small gizzard. In the AVoodpeckers the glands are arranged in a 
triangular form, Avith tlie apex toAvards tlie gizzard. In the Tou- 
can tliey are dispersed over the whole proventricnliis, but are 
more closely aggregated near the gizzard; the lining membrane of 
the cavity is reticulate, and the orifices of the glands arc in the 
inters]>accs of the meshes. 

Among the Rffsores the Pigeon shoAVS its affinity to the Pas- 
soriiio Pirds in having the gastric glands of a simple structi*re, 
and arranged in a zonular form : they are ch icily remarkable for 
their large cavity and wide orifice. In tlie Gommon Fowl and 
Turicey the glands are more complex, and form a complete 
circle. 

In the Cursores the arrangement of the glands is different in 
almost every genus. In tlie Ostru’h tliey arc of an extremely 
comjilicatcd structure, and are extended in unusual iiuniliers over 
an oval space on tlie left side of the provciitruadus, wliich 
reaches from tlfc to]A to the bottom of the cavity, and is about 
four inches broad. The Ivhea has the solvent glands aggregated 
into a single ciixailar patch, wliich occupies tlie posterior side of 
the ])ro ventricular cavity, lii the Eiiteu the gastric glands are 
sciUtered over the Avhole iniU'r surface of tlie proventriculiis, and 
are of large size ; they terminate towards the gizzard in two 
oblique lines. In the CassoAAiiry the glands are dispersed over 
the proven tricul us with a similar deg4.*ee of uniformity ; but they 
are smaller, and their lower boundary is transverse. In the 
Apteryx tlie glands occupy its Avholc circumference, opening in 
the meshes of a reticulate surface.^ 

Among the Grallatores, the Marabou (^Ciconia argalii) lias the 
nearest affinity to the llliea in the structure and disposition of 
the gastric glands ; they are each composed of an aggregate of 
five or six follicles, terminating in the proventriculiis by a com- 
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mon Aperture; and they are dispofised in two compact oval masses, 
one on the anterior, the other on the posterior surfiice of the 
cavity. In the Heron (^Ardea cbuinui) the solvent glands are of 
more simple structure, and are more dis])crsed on er the proven- 
triculus ; but still they are most numerous on the anterior and 
posterior surfaces. In the Flamingo the gastric glands, are short 
and simple follicles, arranged in two large oval grou}>s, which 
blend together at their edges. ^ 

The Natatorcs present considerable differences among them- 
selves in the disposition of the solvent glands. In the Cormorant 
i^Fhalacrocorax mrho) they arc arranged in two circnlar spots, 
the one anterior, and the other posterior ; while in tlie closely 
fillicd genus Suhi^ or (lannct, they form a com[>lctc bolt of 
great width, and consequently arc extremely iiiimerous. In this 
res])ect the Gannet, or Solan Goose, sliows a nearer affinity to 
the PerK*an. 

In tlic Sea-Gulls the gastric glands form a cotitimions zone ; 
and in \he Little AnvIv {Alca aUr) tljey are sin’cad oN or a great. 
j)ropoi*tional extent of surface, and the ionu of the <ligestive 
organs is peculiar. The ])roventriculus is contimicd from the 
o'sojdiagiis, with very gradual enlargement, below tlio liver, and 
is then bent up to the right side, and terminates in the gizzard, 
Tlje solvent glands are situated at the anterior or upper part of 
tlic cavity evcryNvherc surrounding it, but lower down they He 
principally upon tlie posterior surface, and where it is l)ont 
upward toward the right side they arc entirely wiintiiig. In the 
grarninivorons lamelli rostral Watcr-l)irds, as the Swan, Goose, 
See., the gastric glands have a simple elongated exterior form, hut 
have an irregular or cellular internal surface ; they are closely 
arranged so as to form a conqdete zone. 

In general the muscular or ])yloric division of tlie stonlach 
called ^gizzard’ {^fjujeriurn^ veutricnlus hulhosus), immediately 
succeeds the glandular or cardiac division ; hut in some Birds, as 
the Avvk and Parrot-s, there is an intervening })ortion Nvithout 
glands. 

The (jiztard Is situated lielow or sacrad of the liver, on the left 
side of the abdomen, generally resting on the mass of‘ intestines. 
In the Owl the gizzard adheres to the membrane covering the 
interna} surface of the abdominal muscles ; but in most Birds it 
has a more dorsal jiositlon. 

In all Birds the gizzard forms a more or less lengthened sac, 
having at its upper jiart two apertures ; one of tlujse is of large 
size, communicating with the provcntriculiis, figs. 83, 84, a, the 
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second h in close ppxiinity with, and to the right side of the pre- 
ceding, leading to the duodeniini, ib. o; beloAv these apertures 
the cavity extends to form a cul-de-sac, e. At the middle of the 

anterior and posterior ])arts 
of the cul-de-sac there is a 
tendon, figs. 78, 79, e, from 
whicdi the muscular fibres 
radiate. 

The differences in the 
structure of tlie gizzard 
resolve themselves into the 
greater or less extent of 
the tendons, and the greater 
or less thickness of the 
muscular coat, and of tlie 
I ini ng meinb ran e . 

In the Raptor cti the giz- 
zard, tig. 78, r/, assumes 
the form of a mere ineni- 
branoiis cavity, in accord- 
an(*.e Avitb tlie animal and 
easily digestible nature »)f 
their food. The muscular 
coat is thill ; the fibres prln- 

Ciz/anl irf ii Swan, vir. .11 t . /* 11 

cipally raduite trom small 
tendons, lb. c, f.nd there arc some longitudinal fibres beneath the 
radiating or cxtenuil layer. 

In the liasorcs and lamellirostral Natafores it cxliibits tlic 
structure to which the term gizzard can be more appropriately 
applied, figs. 83, 84. Tlie miismdar fibres are distinguished by 
their unparalleled density of texture and decf) colour, and are 
arranged in four masses ; two are of a hemispherical form, and 
tlieir closely-packed lihres run transversely to be connected to 
very strong anterior and posterior tendons, fig. 84, c ; they con- 
stitute the sides of the gizzard, and arc termed the digastric 
muscles or Mnnsenli latcrales,’ fig. 83, di between these, at the 
end of the gizzard, are the two smaller and thinner muscles called 
‘ niusculi Intermedii,’ fig. 84, f. There are likewise irregular 
bands jilaced about the circumference of the gizzard. # 

Fig. 83 slioivs tlie relative thickness of the muscnli hitcralcs in 
the gizzard of a Swan, and fig. 84 that of the musculi intermedii 
and tendon. 

The internal coat of the gizzard, fig. 84, c, A, is extremely hard 
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imd thick, and being of a homy nature, it is liable to be increased 
by pressure and friction, and as it is most subject to these in- 
fluences at the parts of the gizzard opposite the musculi laterales^ 
two callous buttons arc there formed, ib. </. It is here that 
the fibrous structure of the lining membrane can be most plainly 

84 



(Ji/7rtr»l of :i Swan. vtr. 


seen : and it is worthy of observation that the fibres are not 
perpendicular to the ])lane of the mus(*1es, but oblique, and in 
o[)posite directions, on the two sides. Elsewhere the cuticulai: 
lining is disposed in ridges and prominences, figs. ,84, 85, h, which 
vary in different birds, but are pr(4ty conslani in the same species. 
In a Petrel (Procdlaria (/lartalis), the lining membrane is dis- 
posed in a pavement of small square tubercles, like the gastric 
teeth of some Mv>Ilusks. 

The cavity of the gizzard is so encroached upon by the grinding 
apparatus, that it is necessarily very small, the two horny callo- 
sities having their internal flat surfaces opposed to one another, 
like ^ millstones.’ A crop is as essential an ap]>endage to this 
structure as is the ^ hopper’ to the mill ; it receives tlie food as it 
is swallowed, and supplies it to the gizzard in small successive 
quantities as it is wanted.^ 

Between the stomach of the caniivorous Eagle and that of the 
graminivorous Swan there are numerous intermediate structures, 

* Thus wo find in PaiTOts, wliere the gizzard is remarkably small, that a crop is 
present. A like recciHacle exists also in the Flamingo, in which the gizzard is small 
but strong. 
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but it is necessary to observe that the animal or vegetable jffiiture 
of the food cannot always be (^iviiied from th^e difterent degrees 
of strength in the gizzard. Hardcoated coleopterous insects, 
for example, require thicker parietes for their due comminution 
than pulpy succulent fruits. 

Ill the subgeiuis Enphones, among the Tanagers, the muscular 
or pylorief division of the stomach is remarkably small and not 
separated from the duodenum by a narrow pylorus. 

Tlie parietes of tlie gizzard, like those of other muscular 
cavities, become tliickcncd when stimulated to contract on their 
contents witli greater force than usual. In the Ilunterian col- 
lection thivS fact is well illustrated by jireparations of the gizzard 
of the Sea-Ciiill in the natural state, and that of another Sea-Gull 
which had been brought to feed on barley. The digastric muscles 
in the latter are more than double the thickness of those in the 
8ea-(jJull which had lived on tish.* 

The imiiiediate agents in triturating the food are hard foreign 
bodies, as sand, gravel, or pebbles. 

Pigeons carry gravel to their young. Gallinaceons Birds grow 
lean it deprived of ])el)bles; and no wonder, since experiment® 
shows that unless the grains of corn arc bruised, and deprived of 
their vitality, the gastric jnicc will not act upon or dissolve them. 
The observations and experiments of Hunter have comjdetcly 
establislied tlie truth of Itcdi’s opinion, that the pebbles jicrform 
the vicarious otHi^e of grinding teeth. 

Hunter inferred from the form of bair-lialls occasionally Ibiind 
in the stomacli of Cuckoos,® that the action of the great lateral 
muscles of the gizzard was rotatory. Harvey a[)])eai’s to have 
first iiivestigateil, by ineaiis ()f the ear, as it were in anticipation 
of the ai't of aiiscnllatioii, the actions which ai*o going on in the 
interior ol an animal body', in reference to tiie motions of the 
gizzard. He observes (^Dc (hnieratlonv, Animalium^ in Opera 
Omma, 4to, j). 208), ^ Falconibus, aquilis, aliisque avibus ex 

‘ xx;. vol. i. p, 140, prep. 522, d, and 523. 

Grains of barley, inclosed in strong perforated tubes, pass through the alimentary 
canal unchanged. Dead meat, similarly introduced into the gizzard, is dissolved. 

* The hairs of cater]jillars devoured ])y this bird arc sometimes pressed or stuck 
into the horny lining of the gizzard, instead of being collected into a loose ball. They 
are then neatly |>resscd down in a regular spiral direction, like the nap of a hat, and 
have often been mistaken for the natural structure of the gizzard. One of these speci- 
mens, cxibited as such to the Zoological Society, was sent to me for examinatiV)i], wlien, 
upon placing some of the supposed gastric hairs under the microscope, they exhibited 
the peculiar complex structure of the hairs of the larva of the Tiger-moth (^Avetia 
broken surface of the extrcTiiity which was stuck into the cutieular 
lining was plainly discernible. See Proceedings of Zmi Soc. 1834, p. 9 . 
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predaMyentibus, si aurem propc admoveris dum vcntriculiis jo- 
juniis cst, manifestos iiitus strej^itus lapillorum illuc ingestorum, 
invicemque collisorum, percipias.’ And Hunter observes {Animal 
(livonomy p. 198), ‘ The extent of motion in grindstones need 
not be the tenth of an inch, if their motion is alternate and in 
contrary directions. But although the ’ motion of the gizzard is 
liardly visible, yet we may be made very sensible of its fiction by 
putting the ear to the sides of a fowl while it is grinding its food, 
when the stones can be heard imndlng upon one another.’ Tiede- 
inann believed that the muscles of the gizzard Avere in some degree 
A'oluntary, having observed that when he placed his hand 02)positc 
the gizzard, its motions suddeidy stopped. 

The pyloric orifice of the gizzard is guarded by a valve in many 
Birds, especially in those Avhich sAvallow the largest stones. This 
valve ill the Ostri(*h is formed by a rising of tlie cuticle divided 
into six or seven ridges, which close the pylorus like a grating, 
and allow only stones of small size to ])ass tli rough. In tlic 
Touraco the ])ylorus projects into the duodenum in a tubular form. 
There; is a double valve at the pyloric orifice in the (xannet, and 
a single large valvular ridge at the same |)art in the Gigantic 
(h’ane. In tliis species and some other Waders, as the Heron 
and Bittern; also in the Pelican, and, ac(*ording to Cuvier, in 
the Penguin and Grebe, there is a small but distinct cavity inter- 
posed between the gizzard and intestine. The analogous strue- 
tiire has been described in the Crocodile (vol. i. p. 442, fig. 
298,//). 

The infAistines reach from the stomach to the chfaca; in relative 
lengtli they are much shorter than in the Mammalia. In the 
'I'oucan, for i;xam])le, the whole intestinal canal scarcely equals 
twice the lengtli of the body, including the bill. The canal is 
divided into small and large intestines, sometimes by an internal 
valve, sometimes by the insertion of a single emeum, but most 
generally by those of two emea, Avhicli are always opposite to one 
another. In a few instances there is no such distiiictiou. The 
small iutcstiucs and coM‘a arc longest in the vegetable feeders. 
The large intestine is, with one or tAVO exeeptlons, very short and 
straight in all Birds. 

The course of the small intestine varies somewhat in the dif- 
ferent orders of Birds; it is always characterised by the elongated 
fold or loop made by the duodenum, fig. 85, /*, J\ Avhicli fold re- 
ceives the |)ancroas, ib. y, in its concavity. 

In the Raptores the intestines are generally disposed as fol- 
lows ; — 
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The (luoclenum forms a long and broad fold5 the lower |jlart of 
which is commonly bent or doubled upon itself; the intestine 
then passes backward on the right side of the abdomen, crosses to 
the left, and is disposed in deep folds upon the edge of a scolloped 


85 



mesentery; towards its termination the ileum passes up behind 
the stomach and adheres to it, having here l)nt a narrow ineseti- 
tery ; then passing down the ])osterior part of the abdomen the 
ileum makes aiu)ther loose fohl and ends in the rectum, which is 
continued straight to the cloaca.^ In tlie Owls, the last fold of 
the ileum is nearly as long as the duodenal fold, and tlie e<eca 
adhere to each side of the fold. 

In the Diurnal Itaptores the intestijial canal is only twice the 
length of the body, except in the fish-eating Osprey, in which the 
intestines are very narrow, and are to the length of the Bird itself 
as eight to one. 

In the Cantorcs the scolloped folds of the small intestine are 
narrower and longer than in the Raptor rs, and tlie ileum gene- 
rally adheres to the duodenal mesentery and pancreas instead of 
to the stoniaoli, prior to passing doivn to form its last fold and to 
terminate in the rectum. In the Raven the small intestines are 
disposed at their comraencement in concentric folds. 

Among the Smnsores the Cuckoo presents the following dis- 

* In fig. 78, the intestines arc not represented according to their natural arrange- 
ment. 
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positiowi of the intestinal canal : after the usual long and narrow 
duodenal fold, the ileum' makes a fold which is mdened at the end ; 
it then forms a close fold upon itself, at tlie termination of which 
tlic rectum commences. In the Maccaw the course of the small 
intestine is somewhat pcculuu' : after forming the duodenal fold, 
it is disposed in three distinct packets of folds : the intestine, 
niter forming tlie first two, passes alternately IVoiii ofte to the 
other, describing shorter folds upon each ; it then forms tlic third 
distinct fold, whicli is a long one, tit the termination of which the 
ileum adheres closely to the right side of the gizzard, and then 
passes backward and dilates into the rectum. 

In the llasores the Dove-tribe have the small intestines dis- 
posed in three principal folds ; the first is the duodenal fold, fig. 

the second is a long and narrow fold, coiled and doubled 
ii})on itself, with the turns closely connected together, ib. 4; the 
third is also a long fold, which is bent or twisted, ib. /t'. In the 
Common Fowl the duodenum is disposed in a long simple loop ; 
the ileum passes toward the left, and is disposed in loose folds on 
the right and lower edge of the mesentery ; the ileum before its 
termination passes up behind the i)receding folds, and is accom- 
panied as fur as the root of the mesentery by the t wo coccii, whicli 
there oj)en into the conunenccinent of tlu^ large intestine. 

The Ostrich presents the most complicated course ot* the in- 
testinal canal in the whole class of Ilirds. The duodenal fold is 
about a foot in leiigth, aiul the returning part makes a l)eiul upon 
itself before it reaclu*s the pylorus; the intestine then turns dowii 
agaii) behind the duodenal folds and gradually at*(]uires a wider 
mesentery. The ileum after a few folds ascends toward the left 
sid(‘., accom])a!ued hy the two long exxica, and becomes again con- 
nected with the [losterior part of the duodenal mesentery ; beyond 
which the cceca enter the intestine Ijchind the root of the juc- 
seiitcry, and the large intestine commences. This part differs 
from the rectum in other llirds in its great extent, being nearly 
double tlie length of the small intestines, and Ixeing disposed in 
folds ii])on a wide mesentery. It terminates hy an oblique val- 
vidar aperture in a large urinary rccc})tacle. In the Bustard the 
rectum is a foot in length, which is the nearest apjiroach to the 
Ostrich which the rest of the class make in this respect. 

The small intestines in the Grallatorcs are characterised by 
their siliall diameter and long and narrow folds ; these are some- 
times extended parallel to one another, as in the Crane and Coot ; 

* There is seldom any part of the small intestine empty so as to merit the name of 
Ujunum. 
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or folded concentrically in a mass, as in the Curlew and Fla- 
mingo. In the latter species the duodenal fold is four inches 
in lengtli ; then the small intestines are disposed in twenty-one 
elliptical spiral convolutions, eleven descending towards the rectum 
and ten returning towards the gizzard in the interspaces of the 
former. 

Many bf the Nntatores jireseiit a concentric disposition of the 
folds of the small intestines similar to the Flamingo. 

The arrangement of the muscular fibres of the intestine is the 
same as in the cjcsophagus, the external layer being transverse, the 
internal longitudinal. 

The villi of the lining membrane manifest an analogy with the 
covering of the outer skin, being generally much elongated, so as 
to present a downy appearance when vieAved under water. There 
are, however, great varieties in the shaj)e and length of the villi. 
In the Emeu they consist of small lamcllai of ihe lining mem- 
brane folded like the frill of a shirt. In the Ostrich the lamelke 
are thin, long, and numerous. In the Flamingo they are short 
and arranged in parallel longitudinal zig-zag lines. 

In many Birds a diverticiihun is observed in the small in- 
lestine, whicli indicates tlie place of attachment of the pedicle of 
the yolk-bag in the embryo, fig. TJ), rn. We have found this pro- 
cess half an inch in length iu the Gallinulc, and situated seven- 
teen inches from the pylorus: In a Bay Ibis {Ibh falcinelJa) 
the vitelline emeum was an inch in length: in a young female 
Apteryx it dilated into a sac, about an inch iu diameter, witli a 
yellowisli sti-atilm of the remains of the yolk.^ 

The Birds in which the emva coll liave been found wantinsr are 
comparatively few, thougli such examples occur in all the ordeis. 
These exceptions arc most frequent among the Sctimorcs^ in 
which the C(X?ca arc absent in the AVry necks, th(i Toucans, the 
Toiiracos, the Parrot-tril)C, and according to Chivieriii the Wood- 
peckers.^ In the Tnsessores the cccca arc deficient in the Hornlrill 
and the Lark. Among the GruUatorcs, wcj have Ibiind them 
wanting in a Spoonbill. In tlic NatatorvH they art? absent in the 
Cormorant. The Herons, Bitterns, and, occasionally, the Grebes 
afford the rare examples of a single ceccum, which is also remark- 
ably short. 

In tlie Ruptorea the diurnal and nocturnal tribes differ re- 
markably 111 the lengtli of the cmca. They arc less than half 

* XI*. 

2 la the Popinjjiy (P/c?w viridis, Linn.) we have found two small cocca, so closely 
adhering to the intestine as easily to be overlooked. 
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ill] inch in length in the Eagles and Vultures, but arc occa- 
sioiially wanting in the latter. Cuvier states that the coeca are 
(leficient in the greater part of the Diurnal Raptores, but Ave have 
<)l)served them in the* HalUetus Alhlcilla, Aquila Ckrt/scBtos, Astur 
paliimbarius, and Buteo nisus, Tliey seldom exceed the length 
above mentioned, lig. 78, 7, and in the Secretary Vulture they 
form mere tubercles. In the Barn Owl the C(X‘ca .Severally 
measure nearly two inches in lei^*th, and are dilated at their 
blind extremities ; they are proportioxxally develoj)ed in the 
liu'gcr Sir l(j idee. 

In the Cantores they are im arial)!}^ very short xvhere j)resent. 
Among the Scavsorial genera Avhich jiossess tlie (MX't^a, these parts 
are found to vary in lenglli, measuring in tlie Cuckoo and Wattle- 
bird (67^r//re/;/.s*), each half an inch; Avhile in the ScifthropH^ ov 
iVcvv Holland Toucan, the emea are each two imJies long, and 
nuxleratoly wide. 

In the JiasorcH the cmca])rcsent considerable varieties. In tlie 
Pigeons, fig, 80, y, they are as sliort a^s in the Insessorial order, 
and are sometimes Avanting altogether as in the Crown-Pigeon. 
In the (iiian (^Penelope crlstata) each emenm is al;)out tlirco 
Inches in length: Avhile in the Grouse each emeum measures a 
yard long, l)ciug thus u])wards of three limes tlie length of the 
entire liody. The internal surface of these extraordinary ap- 
pendages to the alimentary canal is further increased in the 
Grouse byheing disposed in eight longitudinal folds, vvliieh extend 
from their Idind extremities to Avithin five inches of tlnnr termi- 
nation in the rectum. We have always found the cmea in this 
sjieeies filled with a homogeneous ]>ultaceous matter without any 
trace of the heathc!* bud»s, the remains of Avhich are abundant in 
the ftecal matter contained in the ordinary tract of the intes- 
tines. , 

In the Peacock tlie cxcca measure cacli about one foot in 
length ; in the Partridge about four inches ; in tlic Common Fowl 
and other Pkadanid(R the co;ca arc each about ouc-third the 
leugtli of the body ; they commence by a narroAv pedicle, Avliich 
extends about half their length, and then they begin to dilate into 
reservoirs for the chyme, fig. 79, //. 

In the Cursores the aiccii again present very different degrees 
of developement. In the A])tcryx the emea are each five inches 
in lengfh. In the Emeu they are narrow and slioi’t. In the 
Cassowary they are Avholly deficient; Avhite in tlie Ostrich they 
arc Avide, upwards of two feet each in lengtli, and their secreting 
and absorbing jiarietes are further increavsed by being produced 
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into a spiral valve, analogous to that which exists in the long 
coocuni of the Hare and Rabbit. 

In the Grallatores the two cocoa are generally short where 
present; they attain their greatest dev elopement in this order in 
the Demoiselle, where the length of each emeum is five inches; 
and they arc also large in the Flamingo, where they each mea- 
Biire nearly four inches, and arc dilated at their extremities, [)re- 
senting with the gizzard, crop, lamcllated beak, and webbed feet, 
the nearest approach to the Anatidce of the following order. 

Ill tlie Natatorcs, the cocoa, where they are present, vary in 
length according to the nature of the food, being very short, in 
the fish-cating Penguin, Pelican, Gull, &c., and long in the 
Duck, Goose, and other vegetable-feeding LamdUrostres, In 
the Ci*estcd Grebe (^Podleeps cristatus^, each cmcimi measures 
3-lGths of an inch in length. In the Canada Goose the cocoa 
arc each nine inches in length, and in the Wniitcfrontcd Goose 
the same parts measure severally thirteen inehes, ^Jliey have 
the same length in the Black Swan. In the Wild Swan the c<rca 
measure each ten inches in length, while in the tame sj)ecies they 
are each fifteen inches long. 

As digestion may be sujiposcd to go on less actively in the 
somnolent, night-flying Owls, than in the high- soaring Diurnal 
Birds of Prey, an additional coin])lexity of the alimentary canal 
for the purpose of retaining the chyme somewhat longer in its 
passage, might be expected; and the enhfiged cccca of the Noc- 
turnal Ilajdores afford the recpiisite adjustment in this case. For, 
although tlie iTature of the fVxxl is the same in tlie Owl ^ as in the 
Hawk, yet the differences of liabit of life call for corresponding 
differences in the mechanism for its assimilation. 

In the Rasorial Order, where the nature of the food differs so 
widely from that of the Birds of Prey, the principal modification 
of the dig(\stive a])])aratus olitains in the more complex striictnre 
of the crop, proventriculus, and above all the gizzard; but with 
res|)cct to the emea, as great differences obtain in their devclopc- 
ment as in the Ilaptorcs, Now these differences arc explicable 
on tbe same principle as has just been applied towards the eluci- 
dation of tlie (liffcrcncos in the size of the C(C(‘a in the Rajdores, 
Where the difference in the locomotive powers is so great in the 
Dove-tribe and the common Fowl; where the circulating and 

' The imiigestible parts of the prey of the Owl do not pass into the intestine, but 
arc regularly cast or regurgitated from the stomach; the length of the teeca cannot, 
therefore, be accounted for on Macartney’s suiipositioii of their being receivers of those 
parts. 
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respiratory systems must be so actively exercised to enable tlie 
'Pigeon to take its daily flights and in some sjjecies their annual 
migrations — a less complicated intestinal canal may naturally be 
supposed uith such increased energy in the animal and vital 
functions to do the business of digestion, than in the more sluggish 
luid terrestrial vegetable feeders; and accordingly we find that 
the requisite complexity of the intestinal canal is obtained by an 
increased developcment of the cereal processes in the GnllttKc^ 
while in the Cohimhidoi the coeca remain as little developed as in 
the Inacssnres^ which they resemble in ])owcrs of flight. If we 
regard the emea as excretive organs, their differences in the above 
orders may be in like manner explained by their relations to the 
lo(‘oni()tive and resj)iratory functions. 

In the Carsores the developcment of emea seems to have re- 
rcrence to the quantity of food, and the ease with udiich it may 
be obtained, according to the geograj>liical position of the s])ecios. 
In the Cassowary, which is a native of fertile and tropical islands, 
N(jw (Tiiinea, North of Australia, New Britain, &c., vegetabhj 
fotxl of a more easily digestible nature may be selected, ami it 
need not be detained long, where a fresh siq)ply can be so readily 
procured. But in the Ostrich, wbich dwells amidst arid sands 
and barion daserts, every contrivance has been adopted in the 
structure of the digestive apparatus to extract the whole ol‘ the 
nutritious matter of tlie food which is swallowed. 

in the (jndlatorca, where no material dilferences of locomotivci 
powers or means of obtaining food exist, the emea |)resent in their 
(levelo])emeut a direct relation to the nature of the food, and are 
in(»st developed in the Gruidee, The same holds good in the 
A^ata fores. 

Why the increased extent of intestinal surface in the above 
different c/ases shonhl be chiefly obtained by the elongation of the 
(‘(cca, Avill appear from the following considerations. In consc- 
(juence of the stones and other foreign bodies which birds swallow, 
it is necessary that there should he a free ])assage for these 
through tlie intestinal canal, which is therefore generally sliort 
and ef pretty uniform diameter. In the omnivorous Birds of the 
trojnes, as the Ilornbills, l\)ucans, Touracos, au<l I’arrots, which 
dwell among ever-bearing fruit-trees, the rajnd passage of tlie 
food is not inconsistent wdth the extraction of a due sn]>ply of 
nourislnuent, but is (‘X)mi)ensated by the unfailing abnndance of 
the su])ply. But where a greater (piantity of the chyle is to be 
exti-aetcd from the food, and where, from the nature of the latter, 
a greater proportion of foreign substances is required for its 
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trituration, — while the advantages of a short intestinal tract are 
obtained, tlic chyme is at the same time prevented from being 
prematurely expelled by the su])eraiidition of the two coecal bags 
Avhieli communicate with tlie intestihes by orifices that are too 
small to admit ])cbbles or nndigested seeds, but which allow the 
chyme to pass in. Here, therefore, it is detained, and chylifica- 
tioii assisted hy tlie secretion of the cmcal parietes, and the due 
proportion of nutriment extracted. 

The large intestine is seldom moi'c than a tentli part of the 
length of the body, and, except in the Ostrich and Bustard, is 

continued straight from the ca^ca 
to the cloaca; it may therefore 
be termed the rectum rather than 
the colon. It is usually Avider 
than the small intestine, and its 
villi are coarser, shorter, and less 
numerous. The rectum, fig. eSfi, 
r/., termiiuit(‘s by a valvular cir- 
cular orifi(*e, /y, in a more or less 
dilated cavity, which is the re- 
mains of the allantois, and now 
forms a nidi mental luinary blad- 
dt^r, c, fL The ureters, A, A, and 
cHerent parts of tlie generative 
apparatus,/, f/, open into a trans- 
verse groove at the lower ])art of tlie uriTUiry dilatation; and be- 
yond this is the external cavity whu^h lodges, as in llejuiles, 
Marsupials and Monotremes, the anal glands and the exciting 
organs of generation. The anal follicles in Birds are lodged in 
a conical glandular cavity, A, Avhich communicates with the pos- 
ieuior part of tlu^ outer c()m]»artmeut of the (jloac^a, and has ob- 
tained from its discovei*er the name of Bursa FabridL 

§ 141). Liver of B inis , — On the hyjiothesis of chylification, or 
on that of the formation of blood-discs, or on that of the pro- 
duction of grape-sugar in relation to the raising of animal heat, 
being essimtiid functions of the liver, it might have been expected, 
since digestion is so much more active and the blood so miicli 
more abundant and rich, and the temperature so much higher in 
Birds than in Reptiles, that the liver Avould he proportionally 
larger; hut it is not so. ^ Carehdly ascertained upon ilelicatc 
balances,’ the proportionate weiglit of the liver to the body is the 
vsamc in a Vulture as in a Tortoise, in an Owl as in a Bull-frog, 
in a Chirlew as in a Corn-snake, in a Turkey as in an Alliirator, 
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* My own observations show the liver to be relatively largest 
ill the less active aquatic and land birds, smallest in the birds 


tliat fly best and breathe 
most: compared in the li- 
mits of the class the liver 
seems to be developed in- 
versely as the lungs and 
their apt)eiidagcs, and so 
fill* as it is associated with 
the lungs in eliminating 
waste elements from tlui 
Ijlood, to have less to do in 
that way, as the breathing 
organs ])crform most. 

The liver, figs. 87, 
is situated a little above 
tlie middle of the thoracic 
alxlomiiial cavity, with its 
convex surface towards the 
alalominal parietes, and its 
comxivity tiirned toAvards 
the subjacent viscera: the 
right lobe covers the begin- 
ning of the duodenal loop, 
paiKjreas, aud t)art of the 
small intestines; the left 
lobe covers the ])roveiitri- 
cidus and part of the giz- 
zard; and the apex of the 
heart is received between 
the upper ends of these 
principal lobes. The liver 
is, as it Avere, moulded u])on 
nil these ])a]-ts, and presents 
eorresponding depressions 



PosUTior \ of tlu! iiili.iry :uiil |.i:iiicr(‘:iHc(liK*l. in tlio 
Uoriibill. V1I-. 


where it comes in contact with tliem. 


It is generally divided into two nearly equal lobes {linjdortu. 


’ Number of times tlic wciglit of the liver in that of the body 
Catharteft atralm^ 47; Chelonia caretta, 47: 
Syrnium mbulosum, 56 ; Tlana Catfshiana^ 55 : 
Tantalus lociilatar, 64 j Coluber gutiatH,% 64: 
Meieagris gallqpavOf 70 ; Alligator luciuSf 73 : 
•aid see other cxamides, in ccxr.v. p. U3. 
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Stoi'k), which are often separated for a short extent, and con- 
necjted together by a narrow isthinus of tlie glandular substance. 
In some Birds, howe^'er,.as in the Pigeon, Cormorant, Swan, and 
(loose, tliere is a tJiird, smaller lobe, situated at tlie back of the 
liver between tlie lateral lobes, Avhich from its »situation appears 
analogous to tlie ‘ lobulus Spigelii ’ of Mammalia. In the Com- 
mon Fowl the left lobe is occasionally cleft from below so dee])ly 
as to form two lobes on that side. In most si)ecics the right lobe 
exceeds the left in sizij ; this is remarkably so in the Bustard, in 
which the right lobe extends into the ])elvis.^ In the Eagle, how- 
ever, the left lobe is sometimes the largest. Each lobe is invested 
by a double membranous tunic, one embracing it closely, tlie 
other surrounding it loosely, like the iicricardium of the heart. 
They are formed by laminie of the peritoneum, and by the air- 
cells. The two adherent layers arc continuerl from the base of 
the livin’, one over the anterior, the other over the posterior sur- 
face, closely adhering to the proper cai)sule: the loose layers are 
formed by the hc])atic air-cell, surrounding each lateral lobe, the 
thin border of^ which is usually free. 

The ])rin(?i])al ligament of the liver is Ibrmed by a large and 
strong (lu|)li(aitiirc of the peritoneum, which divides the alidianen 
longitudiiuilly like the thoracic mediastinum in Mammalia. It is 
rctlected from the li)iea alba and middle line ol‘ the sternum ujion 
the ])ericardium, and passes deeply into the inters})ace of the lobes 
of the liver; it is attached to these lobes through tiieir whole 
extent, and coimeets them below to the gizzard on one side, and 
to the duodenal fold on the other: the lateral and |)osterior parts 
of the liver are attacked to the contiguous air-cells ; and the 
wlioleyiscus is tlius kept steady in its situation during the rapid 
and violent movements of the bird. The ligament first described 
is .analogous to the falciform ligament of Mammalia ; , and, al- 
though there is no free margin enclosing a round ligament, yet 
the remains of the umhilical vein may be traced within the diipli- 
eaturc of the mcmlirani’s forming the septum. As the imiscnlar 
sej>tum between the thorax and abdomen is wanting, there is con- 
seipicnily no coronary ligament; but the numerous membranous 
processes which pass from the liver to the surrounding parts 
amply compensate foi* its absence. 

The liver is of a liglitcr eohnir in Birds of flight than in the 
heavier Waterfowl, where it is of a deep livid brown; Each 

* The French Acadetnieians ( xl \ 2depm-tie, pp. 99-109) sawfhis in some of their 
Bustards ; but in tlie male dissected by me the hepatic lobes were equal, and both 
were long. 
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lobe has its hepatic artery and vena porta?. The hepatic arteries 
are proportionally small, but the portal veins are of great size, 
being formed not only by the veins of the intestinal canal, pan- 
creas, and spleen, but also by the inferior, ernulgcnt and sacral 
v(?ins. The blood, which lias circulated in the liver, is returned 
to the inferior cava by two veme hepatica?. There arc occasionally 
some smaller hepatic veins in addition to tlie two principal ones. 
The coats of the portal and hepatic veins appear to be equally 
attached to the substance of the^liver. A duct arises by two 
roots from each lobe, and the biliary secretion is carried out of the 
liver by tliese two and sometimes by tliree duets ; one duct always 
terminates directly in tiie intestine, and is an ‘ hepatic du(*i,’ 
fig. 87, n; the other enters the gall-bladder, and is an ^cyst- 
hcjiatie duct,’ ib. o' ; the cystic bile is conveyed to tlic duodenum 
liy a ^cystic duct,’ ib. o. Where, as in a lew instances, the gall- 
bladder docs not exist, both hc|)atic ducts terminate separately in 
tlic duodenum, fig. 85, w, //. ; but in no case is there a single 
ductus communis choledochus as in IVIammalia. 

^riie (jall-Madder^ fig. 87, jo, is situated near the mesial edge of 
the concave or under side of the right lobe, and is coinuionly 
lodged in a shallow dejirossion of the liver; but sometimes, as in 
tlie Eagle, llustard, and Cormorant, only a very small j>art of the 
bag is attached to the liver. It has no visible muscular tunic: 
its inner surfiice is delicately reticnlatcd. 

T^ho gall-bladder is present in all the liaptores,, Ins(*ssores^ and 
Natatorcs. It is wanting in a great proportion of the Smnsores, 
as in the genus Rhamphastos and in almost all ihvij^sittacidre and 
Cuvnlld(E, Among the Rasores tlic gall-hladdcr is constantly 
deficient in the Columhldce or Dove-tribe alone, in which the 
ctcca are shorter than in any other vegetable feeder. '^I’hc gall- 
bladder is occasionally absent, according to the French Acadc- 
mi(?ians,* in the (luiiica-fowl ; and they also found it wanting in 
two out of six Demoiselles (^AiUhropoidc.s Vhyo). Tlio gall-bladder 
is small and sometimes absent in the Bittern : I found it absent in 
one out of three Kivis (^Apterpjc ) : it is always wanting in the 
Ostrich, hut is present in the Emeu and Cassowary. 

The bile, as l)eforc observed, passes directly into the gall- 
bladder, and not by regurgitation from a ductus choledochus ; 
the cyst-hepatic duet arises from the right lobe, and is continued 
•a somejjirds along that side of the bag wliich is in contact with 
the liver, where it penetrates the coats of the cyst and termi- 
nates about one-third from the lower or posterior end. In the 
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Honibill ^ I found it passing over the upper end of the bladder to 
the anterior or free surface, and tlie cystic duct continued from 
the point uliere the cyst-hepatic duct opened into the bladder ; so 
that the cysticj duct had a coininunicatlon both with the reservoir 
and the cyst-hepatic duct; being somewhat analogous to tlie 
ductus communis choledochus ; (fig. 87, where x represents the 
orifice by which tlie bile passes both in and out of the gall- 
Bladder). 

In the Goose the cyst-hepatic duct terminates by a very small 
orifice, surrounded by a smooth pr(»jection of the inner membrane, 
wliicli, aided by the obliipiity of the duct, acts as a valve and pre- 
vents any regurgitation towards the liver. The cystic duct here 
jiasscs abruptly fi’om the posterior extremity of the gall-bladder, 
which is not jirolongod into a neck. 1^110 duct makes a tuj*n 
round the end of the bag, and is so closely applied to it, as to 
rcfpiire a careful examination to detefminc the true place of its 
commeiuremcnt. 

The hepatic duct, fig. 87, w, arises by two brandies from the 
large lateral lobes of tlie livei% wdiich unite in the fissure or 
Agates’ of the gland. Two hepatic ducts have been found in the 
Ciirassow ; Init these and the cystic duct terminate separately in 
the duodenum. Of the two hepatic ducts in Pigeons, one, the 
right and larger, enters the beginning of tlio duodenmn, tlie other 
near its termination. The place of termination of the cystic and 
he[)atic duct is generally, as sliown in fig. 87, ])rctty close together 
at the end of the fold of the duodenum ; but in tlic Ostrich one of 
the hcjiatic diuyts, which is very large and short, torminates in the 
commencement of the duodenum about an inch from the pylorus; 
while the other enters with the pancreatic duct at the terminatioii 
of the duodenum, lioth the cystic and lic])atic ducts undergo a 
slight tiiickcTiing in their C()ats just before their termination. The 
passage of the bile-ducts in Birds through the coats of the intes- 
tine is ohli(pie, and they terminate upon a valvular prominence of 
the lining membrane of the gut. 

§ 150. Pancreas of Illrds , — The non-mastication of food in the 
mouth is associated with a low condition of the salivary glands ; a 
large pancreas is concomitant with gastric mastication, in Birds. 
This organ, figs. 85, 87, y, y, consists of two {Picus, Certhia, Upupu, 
Coprhnul(/nsy Grns, (7o//y/A;7i?/5), and sometimes of three {Or loins), 
distinct jiortions; hut these are so closely ap|)lic(l together at some 
point of their surface as to appear like one continuous glaud, fig. 
88. It is of a narrow, elongated, trihedral form, lodged in the inter- 
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s])jicc of the duodenal fold, and generally bent upon itself like tlie 


duodenum, as in the Hornbill, fig. 87, q. 
It is there supported' by the gastro- 
hepatic and gastro-colic omenta. 

The structure of the pancreas is 
cor»gloinerate, like that of the sali- 
vary glands, but the ultimate folli- 
cles are differently dis})osed. In the 
salivary glands these are irregularly 
bi'ancdied, ^vhile those of the pancreas 
in llirds diverge in the same plane 
from digitated and pinnatifid groups. 
The substance is firmer than in Kep- 
tiles, of a pinkish, yellowish, or browu- 
isli colour. 

The ducts, figs, 85, 87, 88, r, r, formed 
by the reiterated union of the efterent 
branches from the component follicles 
of the ])ancrcas, are in general two in 
miinber, which terminate se})aratcly in 
close ])roximity to the hepati(i atid 
(jyslic ducts, n ; l)ut occasionally there 
are three [)ancreatic ducts, as in the 
Fowl, Pigeon, Haven, and Hornbill; 
in wbich case the third duct commonly 
terminates at a distance from the other 
two: in the Hornbill it jwoceeds from 
an enlarged lobe of the pancreas at tlic 
end of the duodenal fold, and enters 
that part, at r\ fig. 87. As a rule, 
the pancreatic secretion is the first 
poured into the gut, the cystic l)ile 



is the last. 


and (iinxlciiuiu of tlic 
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IIornl)ill * I found it passing over the upper end of the bladder to 
the anterior or free surface, and the cystic duct continiied iroin 
tlie point where the cyst-hepatic duct opened into the bladder ; so 
tliat the c.ystic duct liad a conun unication both with the reservoir 
and the cyst-hepatic duct; being somewhat anaiogous to the 
ductus communis choledochus; (lig. 87, where .r represents the 
orifice by which the hile passes both in and out of the gall- 
bladder). 

In the Goose the cyst-hepatic duct terminates by a very small 
orifice, surrounded by a smooth projection of the inner membrane, 
w’liicli, aided l>y tlie oblicpiity of the duct, acts as a valve and ])re- 
vents any regurgitation towards the liver. The cystic duct here 
passes abruptly from the poKsterior extremity of the gall-bladder, 
wdilch is not prolonged into a neck. The duct makes a turn 
round the end of the hag, and is so closely applied to it, as to 
require a (Mireful examination to determine the true place of its 
cnmmenccmciit. 

TUo hepatic duct, fig. 87, w, arises by two branches from the 
large lateral lobes of the liver, Avhich unite in the fissure or 
‘ gates’ of tlie gland. Two liepatic ducts have been found in the 
CurassoAv; but these and the cystic duct terminate sejiarately in 
the duoihnmm. Of the two heiiatic ducts in Pigeons, one, the 
light and larger, enters tlie beginning of the duodenum, the other 
near its termination. Tlie place of termination of the cystic and 
hejiatic duct is g(merally ,as shown in fig. 87, pretty close togcither 
at the end of the fold of the diiodemim ; hut in tlie Ostridi one of 
the he[)atic lineals, which is very large and short, terminates in tlie 
(‘ommenenmeut of the duodenum about an inch from the pylorus; 
while the otlier enters with the pan(*rcMtic duct at the termination 
of the dnodcmim. Both the cystic and hepatic ducts undergo a 
slight tltlckeiung in their coats just before their termination. Tlie 
passage of the bile-ducts in Birds through the coats of the intes- 
tine is oblique, and they terminate upon a valvular prominence of 
the lining membrane of the gut. 

§ 150. Panerras of Birds , — The non-mastication of food in the 
mouth is associated Avith a Ioav condition of the salivary glands ; a 
large [lancreas is concomitant AAuth gastric mastication, in Birds. 
This organ, figs. 85, 87, y, y, consists of t-Avo (Pums^ Certhia, Upuptt^ 
Ccrprmtulyns^ Orus, Cofymhus^^oMil sometimes of three (^Oriohis), 
distinct jiortions; but these are so closely apjilied togcthei' at some 
point of their surface as to appear like one (iontinuous gland, fig. 
88. It is of a nari’ow, elongated, trihedral form, lodged in the inter- 
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space of the duodenal fold, and generally bent upon itself like the 
duodenum, as in the Hornbill, fig. 87, < 7 . 

It is there supported’ by the gastro- 
he|)atic and gastro-colic onieiitji. 

The structure of the pancreas is 
coi^glomerate, like that of the sali- 
vary glands, but the ultimate folli- 
cles are differently disposed. In the 
salivary glands these are irregularly 
bran(*hcd, while those of the pancreas 
in Birds div^erge in the same plane 
from digitated and pinnatifid groups. 

The substance is firmer than in Kep- 
tilcs, of a pinkish, yellowish, or brown- 
ish colour. 

The ducts, figs. 8,5, 87, 88, r, r, formed 
by the reiterated union of the efferent 
branches from the component follicles 
of the ])anoreas, arc in general two in 
rnimber, which terminate separately in 
close ])voximity to the hc])atic and 
cystic (lii(‘Is, n ; but o(!casionally thei'e 
arc three pancreatic dnets, as in the 
Fowl, Pigeon, Itaveri, and llornhill ; 
ill which case the tliird duct commonly 
terminates at a distance from the other 
two : ill the Hornbill it ])rocecds from 
an enlarged lobe of the jiancreas at the 
end of the duodenal fold, and enters 


that part, at /*', fig. 87. As a rule, 
the pancreatic secretion is the first 
poured into the gut, the cystic bile 
is the last. 
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CHAPTER XVIIT. 

ABSORBENT SYSTEM OF BIRDS. 

§ lol. Tlie absorbents of Birds, jis of Reptiles, differ from those 
of Mammals in having fewer valves, Bdiich arc also less perfect, 
being so loose as frerpieiitly to ])ennit for a (iertain extent a 
retrograde passage of the injected fluid. The hn^tcals, lymphatics, 
and thoracic ducts have vei‘y thin parictes, so as easily to be 
ruptured ; they arc composed of two tunics, of which the internal 
is the Aveakest. 

The lymph resembles that of iMammals, Imt the chyle differs 
essentially in its transparency and want of colour. The lacteals 
have, hoAvever, been observed to contain an oparjiic white fluid in 
a Woodpecker that had been killed after swalloAving a quantity 
of ants. 

With ros])Cct to the disposition of the alisorbents, they do not- 
form in Birds two strata, as in Manunals ; at least those only 
have been observed whhih correspond to the deep-seated absorbents 
Avhich accompany the large vessels. 

The lympluitic glands or ganglions are fcAV in Birds ; the most 
constant and conspicuous are those at the anterior part of the chest 
or the root <»f the neck. Small ones have been seen in the axilla 
and groin of sea-])i]*ds {Apteno(h/fc,i). In other ])arts of the body 
the absorbent glands are rej>laccd by plexuses of lymphatic vessels 
surrounding the principal bloodvessels. 

The ahsorbents of Birds terminate principally by two thoracic 
ducts, one on either side, which enter the right and left jugular 
veins by several orifices ; the plexuses of the posterior jiart of the 
body communicate with the contiguous sacral and renal veins. 

The lym])]Kitics of the foot unite to form tlic vessels which arc 
found running along the slides of each toe, fig. 89 , i. In the 
Pabmpedes there are anastomosing branches which pass from 
the lateral vessel of one toe to that of the adjoining toe. forming 
arches in the uniting w(d), 2. These brandies form a small plexus, 

at the anterior part of the digitometatarsal joint, from whicli 
three or four lymphatics arc continued. The anterior and 
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tcnial branches, 4, accompany the bloodvessels, and form a net- 
work around them ; the posterior and external branches, 5 , receive 
the lymphatics of the sole 


m 








of the foot, then ascend 
along the metatarse, and 

form at its proximal arti- • 

culation a close network, 6, 

1 inm Avhich the vessels climb |i 

tlic tibia, forming a plexus, 

7 , around it as far as the ,0 

middle of the leg; from this **'* ^?‘ ' 
proceed two ])ranches, of 

which the smaller passes ”'l 

along the anterior jKirt of 

the depression between the j/? ' 

tibia and fibula as far as tlic 
knee-joint, where it joins 

the other branch which ac- W/tM'/P 

companies the bloodvessels. 

The trunk formed by the ’x^ ' 

union of the two ] acceding yJw 

branches accompanies the \Ul h 

femoral vessels, forming r l| W/ ^ 

j)loxuses in its course, 8, 

wbich receive tributary ab- ^ Vm 

sorbents from the surround- \ / 

ing muscles, and a large Wl\ v'' llflW '/ 

l)rancb, ;), corresponding to I II \ m 

the deep-seated femoral vcS“ ^ J 

'^riic iliac trunk, 10 , ac- s~ 
coin panics the great feino- Al 

nil vein into the abdomen, ^ }^- 

wliich it enters anterior to vv^ ^ 

the origin of the pubis; it /a 

there receives bran dies from ^-{/\ \ ^XV 
the lateral parts of the jiel- yy V \ 
vis, II, and afterwards sepa- // \ i / 

nites into two divisions. n 

The posterior division re- ^ 

• , 1 . ,1 AUsoilipiits of ft <;«)0SL'.' 

ceives some lymphatics from 

the anterior lobes of the kidneys, and those of the ovary or testi- 
‘ iroui Lauth’s Monograph, Anualus ties Sciences Nat. t. iii. pis. 23 and 25. 


AUsoiliputs of ft Odosl'. 
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clcs ; it communicates anteriorly with a branch from the absorbents 
which surround the great mesenteric artery, and posteriorly with 
large vesicular plexuses or receptacles, 12, 13, surrounding the 
aorta and its branches, and Avhich receives the lymphatics from 
the renal plexus, and tliose accompanying the arteria sacra 
media, 14. 

The sacral or pelvic plexiform vesicles of the lympli are two in 
number, situated in the posterior region of the body, in the angle 
between the tail and the thigh. Each vesicle is little more than 
half an incli lofig and a quarter of an incli broad, find is shaped 
somewhat like a kidney -bean in the Goose.* They have muscular 
coats with striated fibre, distinctly recognisable in those of the 
()stri(.*h, wlierc those Myinph-licarts’ arc attaclied to the con- 
tiguous bone. In tlm Cassowary, Stork, and Goose, they lie free. 
The pulsations correspond with the motions of respiration. 

Tlie anterior division of the femoral lymphatic trunk, I 6 , accom- 
])anies the aorta, upon which it forms a plexus with the branch of 
the ojjposite side, and with the intestinal absorl>ents, 15. These 
vessels commence from a plexiform continuous network situated 
between the mucous and muscular coats of the intestine ; they 
arc larger here than when they quit the iutestinc to pass u])on 
the mesentery. They accompany the branches of the superior 
mesenteric artery, there being many absorbents for one artery, 
which l)y tlicir anastomoses form jdexuses suiTounding the blood- 
vessels. Before reaching the aorta, tlic lacteals communicate 
Avith the inferior or posterior division of tlic femoral trunk, and 
Avith tlie al)sofbents of the OA^ary or testicles, after Avhich they 
pass upon the aorta, I6, 17, Avhero they receive the lyiiij)haties of 
the pancreas and duodenum, and terminate by uniting around the 
cadiac axis, is, Avitb the lymphatics of the Iiv(3r, the proventri- 
culus, e, the gizzard, and the sjileen, (brining a considerable 
plexus, from whieli, according to Laulh,^ it is by no means rare 
to sec branches passing to tenniriatc in tfio surrounding veins. 

The aortic idcxus, i<j, Avliich answers to the ‘ reccptaculum 
chyli ’ of Alammals, gives origin to two thoracic duets, 20, 20, of 
varying calibre, but often, as in the Goose, exceeding a line in 
diameter. Ihey are situated at their origin behind the (eso- 
phagus, r:/, and in front of the aorta, ; they advance forward, 
diverging slightly from each other, pass over the lungs, tv, from 
wliidi they re(:‘eive some lymphatics, and terminate respectively, 
after being joined by the lymphatics of the wing, in tlie jugular 

^ XLU*. tab. ix. %. 3. XLi'. p. 381. 
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vein of the .same side. The left thoracic duct, before entcriniv 
tlie vein, receives the trunk of the lyinpliatic.s of the left side ol* 
tlie neck ; the I'ight thoracic duct receives only a branch of those 
oJ* the same side. 

Tlie lymphatics of tlie ning follow the course of the brachial 
artery, forming a plexus around it, especially at the elliow-joint. 
Their princijial trunk, to which all the collateral liranches are 
united about the upper third of the hijmerus, is here of large size, 
but its diameter soon begins to be diminished, and it is Axry small 
fit the head of the humerus. When it reaches the parietes of the 
chest, it receives tw'o or three large lymphatics from the pectoral 
muscles, and a branch which accompanies the bracliial })lexus. 
Soon after a small lyinjihatic gland is sometimes formed on the 
trunk, which lastly unites with the thoracic duct oi‘ its ow'ii side. 

Tlie lymjihaties of the head accompany the bninchcs of the 
jugular vein, and arc readily discerned upon tliose wliich arc 
situated between the rami of the lower jaw. They form, by 
uniting w itli tlie cervi(?al absorbents, two latcnil branebes on oaidi 
side, wbioli accompany the corresponding jugular vein, being 
situated, one in fi-ont, the otlier behind that vessel. Thi^se lym- 
])liati<^s conmmnicate together, at the anterior and ]iosterior parts 
of the neck, by transverse or ol)li<pie branebes. '^riiey receive in 
their progress absorbents Irom the nniselcs, and from the peculiar 
glands which are seen beneath the skin of the neck. The internal 
branch on the left side receives also a considerable absorbent from 
the (rsopbagus. At the lower part of the neck both branelies 
receive a notiible Vu-ancli wdiicb aeeomjianios the carotid arteries, 
and a little further on they form on each side a lymiiluitic gland 
situated on the jugular vein. On the right side tlie trunk of the 
cervical lympliaties terminates in the jugular vein, after ba\'Ing 
furnished a communicating branch with the thoracic canal of that 
t^ide ; on the left side it terminates at once in the corresponding 
Iboracic duct. 
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CHAPTER XIX. 

CIRCULATINO SYSTEM OF BIRDS. 

§ 152. Blood o f Birds, — The blood 5s hot and of a deep reil 
coloni-. The blood-discs are more abundant than in the cold- 
blooded Vertebrates, savc^ perhaps, in some Ophidia : they are 
nucleated, elliptic, and flattened in form ; averaging in size, in 
long diameter -r in short diameter ^ vth, of an inch ; 

with the following observed extremes : — Humming-bird, long 
diameter short diameter xoVo ; OstricJi, long diameter ip 

short diameter Milne-Edwards notes decimally the fol- 

lowing range of size in different species of the class : — ^ Ijong 
diameter, maximuni, 1*59; ininimurn, 1*105: short diameter, 
maximum, 1*110; minimum, 1*158.’ * (Metrical system.) 

The blood-disc\s arc largest in the embryo, losing size as the 
respiration gains in activity and extent in the progress of the in- 
dividual to maturity. The smaller size of the blood-discs of llirds 
as compared with those of cold-blooded Ovipara cxem|)lifics the 
same inverse ratio of their size to the amount of respiration. The 
proportion of organic matters contained in the water of the blood 
is greater than in the Hoioiatovrya^ as will be seen by comparing 
the subjoined Tables with those in vol, i. pp. 463, 464 : - - 


ATKS 

Water 

Clot 

All.nuMon 
ami Salt.-i 

Anas Boschas (Duck) ..... 
Arika civp.rca (Heron) .... 

Cofumba livia (rijroon) .... 

Gatlus domesticus (Fowl) .... 

Corints Cornx (Haven) .... 

765 

808 

797 

780 

797 

150 

1 33 

156 

157 
140 

85 

59 

47 

63 

56' 


Ardea nycticorax (Night 
Heron) 

Syrnitim nebulosum (Barred 
Owl) .... 
Catharies atratus (Black 
Vulture) 

Mojir CT400D-msca 

PLASMA. 


Total 

weight 

Water 

Solid 

rnattor 

Tf)t!a 

weiglit 

Water 

Solid 

inattf.rs 

31.5-84 

427-36 

626-88 

236-88 

320-52 

47016 

78-96 

106-84 

156-72 

684-16 

572-04 

373 12 

639-01 

519 14 

32901 

48-15 

•50 

44-11*1 


* CCXXXIX. p. 86. * COLXV. p. 64, ® Ib. p. 27. 
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The fibnne in the blood of Birds is soft and very lacerable. 
The serum is usually of a light yellow colour, but is golden in 
the Cathartes atratua. Dr. Jones notices tlio sti’ong musky 
odour of the blood of this Vulture, like that of the living bird.’ 

§ 153. Heart of JJirds . — This organ consists of two ventricles 
and tAvo anneles; the septum of both being complete. 

The form of the lieart is ahvays that of a cone, sometimes wide 
and short, as in the Ostrich and Gmne ; sometimes more elon- 


gated, as in the Emeu, fig. 90, 
and Vulture; or still more 
acute, as in the Curlew and 
Common h^owl. 

Its situation is more anterior 
and mesial than in Mammalia, 
and its axis is always parallel 
with the axis of the trunk. Jt 
is not contained with the lungs 
in an cs])ccial cavity, lint its 
a])cx is lodged between the 
lobes of the liver; the dia- 
phragm, as a rule, not being 
so far developed as to separate 
tlie chest from the abdomen. 

As the lungs are confined to 
the dorsal part of the chest, the 
wliole of the anterior surface 
of the pericardium is cxpf)sed 


90 
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whcji the sternum of the l)ird is removed. The pericardium is 
thin, but of a firm texture, and adlieres by its external surface to 


the vsurrounding air-cells. It is of (anisidcrable size, and commonly 
prolonged for some way betAveen the lobes of the liver. 

The a.uricles of the heart in Birds have not externally such 
free appendices as in Mammals. The right auricle is much 
larger tlian the left; It is more distinctly divided internally into 


a sinus, ib. d, and auricle proper, 5, /, x, than in Mammals, and 
these parts are separated by a more eomjdete valvidar structure, 
but less definitely developed than in the Crocodile. 


Three veins terminate in the sinus, there being in Birds always 
tAvo prccavals, as in Reptiles. The right prccaval, ib. a, Avhich 


returns the blood from the right Aving and right side of the neck, 
terminates in the upper and anterior part of the sinus ; the left 
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precaval, ib. 6, winds round the posterior part of the left aimcle to 
open into the lower part of the sinus ; just before its termination 
it receives the coronary vein, so that this does not open separately 
into the auricle as in most Mammals. The postcaval vein, ib. r, 
terminates in tlie sinus just above the orifice of the left precaval, 
and a semilunar valvular fold, ib. A, analogous to that of the 
coronary vein in man, is extended forward between these orifices 
so as to sepal^ate them, and afford a protection to the mouth of 
the left precaval, in addition to that which it derives in common 
with the other veins from the larger valves at the mouth of the 
sinus. 

The disposition of the valves between the sinus and auricle 
seems more especially destined to ])revcnt regurgitation into the 
sinus, when the pulmonary circulation may be irn])edcd. A 
strong obli(pic semilunar muscular fold, ib. //, commences in the 
Emeu by a band of muscular fibres running along the ii])pcr part 
of the auricle, and expanding into a valvular form extends along 
the ])osterior and left side of the sinus, terminating at the lower 
part of the fossa ovalis, ib. t. A second semilunar muscular 
valve, ib./, of cepjal size, extends parallel with the ])rcceding 
along the anterior border of the orifice of the sinus, its lower 
extremity being fixed to the smooth floor of the auricle, its iii>i)er 
extremity being continued into a strong muscular column running 
parallel to the one first mentioned across the u])per and anterior 
j)art of the auricle, and giving off from its sides tlie greater part t)[* 
the niimmU pectinatL From this structure it results that the more 
powerfully the* musculi pcctinati act in overcoming the obstacle 
to the passage of the blood from tlie auricle to the ventricle, the 
closer will the valves he drawn together, and the stronger will be 
the resistance made to them by the regiugitation of the blood 
from the auricle iiito the sinus. The valvcs/and <y are homo- 
logous with the pair dividing the auricle, o, from the sinus, s, in the 
Crocodile’s heart (vol. i. fig. 339). The parictes of the auricle 
in the interspaces of the muscular fasciculi arc thin and trans- 
parent, consisting in mariy parts only of the lining membrane of 
the cavity and the reflected layer of the pericardium blended 
together. The/M-.s*« oimlis, fig. 90, z, is a deep depression situated 
behind the posterior semilunar valve, which, wo may observe, boars 
nearly the same relation to the fossa as the annulus ovalis in the 
human heart. The membranous septum closing the foramen 
ovale is complete and strong, hut thin and semitransparent. The 
appendix auriculae, ib. .r, is the most muscular part of the cavity ; 
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it does not project freely in front of the great vessels arising from 
the ventricles^ but is tightly tied down to them by the reflected 
layer of the pericardium. The auriculo-ventricular orifice is an 
oblique slit, fig. 92, k ; a bristle is passed through it in fig. 90. 
The manner in which regurgitation by this orifice is prevented is 
one of the chief peculiarities in the heart of liirds. The right 
ventricle, fig. 91, k, is a narrow triangular cavity, applied as it 
Avere to the riglit and anterior 
side of the left ventricle, but not 
extending to the apex of the 
heart. The parietes are of pretty 
uni form thickness, except at the 
se|)tnni vcntriculoruni, and are 
weaker in comparison to those of 
the left ventricle than in Mam- 
mals. Short fleshy colunms ex- 
tend from the scf)tum to the 
free Avail of the A^cntriclc at the 
angle of union of tliese tAvo parts, 
leaving deep cells betAveen them; 
a strong column, fig. 92, also 
extends from the right side of 
tlic base of the pulmonary artery 
to the u])pcr extremity of the 
auriculo-ventricular valve ; but 
these are the only ‘ columnai 
carnete’ in the right ventricle; 
there being none of a pyramidal form projecting into the cavity, 
nor any ^ chordie tcndineie.’ ^Flie principal valve which guards 
the auricular aperture is a strong muscular fold, figs. 90, 91, 
92, /, nearly as thick as the wall of the ventricle itself, extend- 
ing from the fleshy column above mentioned obliquely down- 
ward and backward to the angle formed betAvecn the septum 
and the free Avail of the ventricle at the lower and posterior 
part of the cavity. Tlic convex edge of this mnscnlar valve 
is turned toward the convex projection made l)y the septum, 
and must he forcibly applied to this part during the systole of 
tlie ventricles ; so that, Avhile all reflux into the auricle is pre- 
vented, additional impidsc is given to the floAv of blood tlirough 
the purmoiiary artery ; the muscular pai’ietcs of the ventricle 
being thus complete at every part cxce])t at the orifice of the 
artery. This valve is strongest in the Diving Birds, Aveakest in 
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the Struthious, and especially in the Apteryx, in whicli it is par- 
tially memhranous and has its margin tied by a few tendons ^ a 
fleshy process from the fixed ventricular wall. 

The small imiscvilar column, fig. 1)2, ?/?, at the upper part of 
the auricular orifice is analogous in its position to the single valve 
wliicli guards the corresponding orifice in Reptiles; the Cro- 
codiles alone j)resent a second muscular valve (vol. i. p. olO, fig. 
339, r) homologous with the larger valve in Birds. 

The right ventricle is remarkable for the smoothness and even- 
ness of its inner surface. The 
pulmonary artery is provided at 
its origin Avilli tliroe semilunar 
valves, fig. 92, w. It divides, as 
usual, into two branches, fig. 108, 
one for each lung; tlie riglit 
branch passes under the arch of 
the aorta. 

The aerated blood is returned 
from the lungs by two \eins 
which open into tlie back part of 
the loft auricle ; a strong senvi- 
Innur ridge, which is hardly suf- 
fuiiently produced to be called a valve, divides the cavity of the 
auricle in Avhicli the veins terminate from the muscular part or 
appendix. The llesliy columns arc very inimoroiis and conij)]i- 
cated in this ])art of the auricle, which is closely tied down to the 
venti-iclc ))y the serous layer of the j)cricardium and douse cellular 
tissue. 

The leit ventricle, figs. 91, 92, o, is an elongated conical cavity, 
the parictes of wliich arc three times as thick as tliose of the 
right ventricle, and exhibit strong flcsliy columns extending from 
the apex towards the base ; two of the largest of these columns 
])rcsent in the Emeu a short convex eminence towards the anri- 
culo-veiitricular orifice, fig. 92, r, and give off sliort thick tendons 
to the margin and ventricular surface of tAvo membranous folds, 
figs. 91, 92, p, //, Avhich correspond to the ^mitral valve’ in Mam- 
mals. Of these valves, the one next tlie aorta, g, corresjiouds to 
the single valve which guards the auricular opening in the heart of 
Reptiles, and is most developed in Birds ; the opposite valve is of 
nuKth less size. In many Birds the chordie tendincie jiass I'rom the 
valves at once to the iiarictes of the ventricle, and are not at- 
tached to colnmnaa earnejc. The surface of the ventricle formed 
by the septum is smooth from the orifice of the aorta cloAvn to the 
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a})cx of the heart. The aorta is provided with three semilunar 
valves, not with two only as in Reptiles. The extremities of these 
valves are connected to small, finn, and sometimes ossified styles 
imbedded in the fibrous coat of the vessels,^ 

The arrangement of the muscular fibres of the ventricle in 
Birds is such that the right ventricle appears to be formed by a 
partial secession of the outer from the inner layers of tl/e parietes 
of the left ventricle at the anterior and right side of that cavity. 
See the transverse section, fig. 92. - 

§ 154. Arteries of Birds, — The arterial system of Birds 
mainly difiers from that of Mammals in the fidlowing points : — 
The division of the aorta into three principal branches, almost 
iiniiiediately at its origin: the course of the arch of the aorta 
over the right instead of the left bronchus to become the descend- 
ing aorta : the basilar artery being formed by the entocarotids, 
not by the vertebral : the great length of the common carotid, 
which is a single median trunk in some birds: and the origin 
of the arteries of the posterior extremities, which do not conic olf 
from a single branch, or ^external iliac,’ but from two arteries 
>vhich are detached successively from the aorta at a great distan(?c 
from each other, and pass from the pelvis by two separate aper- 
tures. In these dlfierences the closer atlinity of J5irds to .Rejdiles 
is shown. 

l^lic aortic trunk, fig. 93, i, is so short that it ‘is only brought 
into view after the reflections of the ])ericardium and the adjoining 
vessels are dctacbed by dissection. The first branch is to the left 
side and, after it is sent otf, the trunk aftects t(^ turn over the 
auricle before it gives the branch of the right side; those two 
hranches [)ass in a curved manner from the heart towards the 
axilla, and may be regarded as two orterke ianomhiatcp., fig. 90, t. 
After these brandies arc parted with, the arterial trunk, ib. x, fig. 
93, 2 , is continued over the riglit hronchus, and, on reaching the 
liack part of the heart, becomes the ^ descending aorta.’ 

The artcrki innominata, fig. 93, 3, first sends otf the common 
trunk of the carotid and vertebral arteries, ib. 4, wbicb before its 
division gives off one or two small branches ; one of these runs 
<lown upon tlic lungs in company with the par vagum, and ap- 
pears to supply branches to the aponeurosis of the lungs, and the 
air-cells at the upper part of the thorax; tlic other branch, after 
^npplyiug the lymphatic gland of the neck with several small 
arteries, ascends upon the side of the msojihagus, to Avhich, and 
the inferior larynx, Bie divisions of the trachea, and to the parts 
* IToinc Clift, in vii*. p. 331. 
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and integuments of the side of the neck, its branches arc dis- 
tributed, anastomosing witli the superior oesophageal and tracheal 
arteries. Sometimes, in the Duck, the suprascapular artery, 
whicli is usually divided from the vertebral, is a branch of the 
common trunk, as it is also in the Apteryx, where it supplies the 
muscles at the back of the base of the neck. 

Birds, us a rule, arc peculiar in sleeping with their long neck 

inucli bent or twisted, and 
tliis position might be ex- 
])ectcd to exercise some 
cflect on the vessels sub- 
ject thereto. Accordingly 
we find that the carotid 
arteries, ib. 4, fig. 90, ?/, ?/, 
are frequently of unequal 
size ; in the Dabchick the 
left is the largest, fig. 93,2; 
in an ICnieu I found it tlic 
smallest. One or other 
carotid may be obliterated, 
according, perhaps, as the 
bird liabitually sleeps with 
the liead under the right or 
left wing. In the Apteryx 
I fi)un(l tliat the left caro- 
tid alone |)assed to the usual 
j»lace in the neck, and di- 
vided at the third cervical 
vertebra to supply the head 
in the usual way. In tlic 
riamingo the right (*arotid 
was single and bifurcated 
at the upper part of the 
neck. In the Common 
Fowl, each carotid, after 
parting from the vertebral artery, ib. 6, proceeds to the middle 
of the neck and soon disaj)pears; becoming covered by the muscles 
of the anterior part of the neck, and entering the canal formed . 
by the liypapophyses, fig. 25, A, within which it lies hidden, and 
ill close contact with its fellow of the other side, to very near the 
head. Ill the Bittern the two carotids are situated one behiinl 
the other, and adhere so intimately together in this situation that 
they seem like a single trunk. 
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In the following details of the vascular system, I adopt, with 
little modification, the w^ords of Macartney, by whom it was 
first and best described in his Article ^ Birds,’ in ^ llees’s Cyclo- 
p'odia.’ The carotid artery emerges from between the muscles 
of the nec.k, at about the third or fourth vertebra from the head 
(9); and after giving off* the artericR cutmicce colli laterales^ fig. 
93, in, 11 , to the lateral muscles and integuments of the neck, it 
Linis along the outer edge of the rectus major anticus to behind 
the angle of the jaw, Avherc it divide?rinto its several branches. 

An artery {arteria oceijntaUs) first goes off* postciiorly, which 
pjiHSCS a little foiwvtu'd under the thyrohyal, and after sending 
some blood to the muscles of the neck, makes a turn backward, 
enters the foramen in the transverse process of the second ver- 
tebra, and terminates by anastomosing with the vertebral artery.* 

The next branch is the entocarotid ; it passes behind the 
muscles of the jaAv close to the basioceiiiital, sends a branch 
iH)W'ard, wdiich jienot rates the tympanum; and another through 
the av’ticulation of the jaw, to unite wdth the ophthalmic, and coii- 
Iributc to the plexus at the Imck of the orbit (^rctc ophlluibnivum 
of Barkow^). The entocarotid then enters an osseous canal, w hich 
runs along the side of the basisphenoid betw’^ecn the tablCvS of the 
bone ; and at the lower and back ])art of the orbit, the artery 
receives a remarkable anastomosing branch of the internal maxil- 
lary, w^liich almost equals in size the carotid itself, and these two 
vesscils produce by their union one wdiich passes almost directly 
to thii (jranium, entering at the deep ^ sella turcica.’ It forms 
within the skull an anastomosis similar to the circle of Willis ; but 
llic brancli Avhicli occupies the place of the hfisilnr artenj is very 
small, and apiJcans to ))0 furnished entirely from the anastomosis 
of the carotids, and designed only to supply the medulla oblon- 
gata. '^riic l)ranchcs of the entocarotid are spread in an arbo- 
icscent form upon the surfaces of the brain ; some on the outside 
land others on the ventricles and the fissure between tlie two 
luauispheres : the tufted termination of the vessels of the clioroid 
l)lcxus is shown in fig. 46. The orbital plexus formed by the 
carotid sends off* the inferior palpebral^ ethnwidaf lacrymaf and 
ophthalmic arteries, l^he o[)hthalmic artcryforms tavo remarkable 
plexuses at the posterior part of the globe of the eye; the first, 
hg. 59, e, is situated close beside the inner side of the 0 {)tic nerve, 
IS formed by an artery answering to the arteria centralis retince^ 

' Barkow, xliv., has established the accuracy of this observation of Macartney’s 
(auu*.), having found this singular anastomosis of the occipital with the vertebral 
‘ntcry in all the bir<ls which he injected. 
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and supplies the marsupial membrane; the accond plexus, ib. 4, 
is situated more exteriorly, and gives off the ciliary arteries. 

After the carotid has sent off* the entocarotid, it passes for a 
little way doAvnward and forward behind the angle of the jaw, and 
divides at once into diff*erent branches, corresponding to those of 
the cctocarotid in Mammals ; the first of which might be called tlie 
a:‘SO])liageal or laryngeal artery. This vessel sends a branch to 
the muscles upon the tliyrohyal, and then turns downward and 
divides into t wo branches, one to the trachea, fig. 93, G i, and the 
otlier to the (esophagus, upon the side of which parts they descend 
to near the thorax, formii^ a scries of arclies, ib, ii, ii, and ulti- 
mately inosculate w ith the tra(di(?al and oesophageal branches of 
tlie common trunk of the carotid and vertebral arteries. 

The external maxil/an/ artery^ ib. 12, dips in between the 
pterygoid and digastric muscles ; it then passes behind the tym- 
paiiie, and gives twigs upAvard to the musctles of the jaws, and 
to the plexus at the back of the orbit: upon emerging i'roni 
behind the tymjiaiiic, it lies under the zygomatic arch, and sends 
an artery upward, Avhicli is distriliuted to the tenvporal and inas- 
seter muscles, and procc(^ding under the triangular tendon that 
comes from the inferior margin of the orbit to tlie lower jaAv, it 
divides into two jirincipal branclios; one of these passes along the 
side of the upper jaw, gives a hrauch upward to the fore ]>art of 
the orbit wdiich unites lyith tlie oplithalmic artery, and is lost at 
the top of the head. This branch is veny large in birds Avith 
combs, as, in conjunction Avith the ophthalmic, it l*nrnishcs nn- 
merons vessels to these vascular parts. The artery then goes on 
and sn])])lies branches to the si(l(‘S of the head before the orbits, 
and to the integuments and ^snbstanco of the upper mandible, 
iiKjscuIating AAith the jialatine branches of the internal maxillary 
artery. Hie second portion of the external maxillary jiroeeeds to 
the lower jaiv, to Avhleh, and the loAver part of the masseter musede, 
it is distrilmtcd. The external maxillary supplies the place of the 
temporal^ lahial^ antjular, 7Ufsal, and mental arteries of mammais. 

'^riie laryuf/eal or posterioi' palatine ai’tcry is a little branch of 
the eetocarotkl, Avhich is sent off posteriorly opposite to the ex- 
ternal maxillary artery. Its branches are exhausted npoii the 
buck part of the fauces, the muscles for moving the upper jaAV, 
and postcri(;r iiares. 

The Unyual or sidimaxillary artery, ib. 13 , passes upder the 
muscles Avhich connect the hyoid to the lower jaw, and close upoi^ 
the batd;: of the membrane of the lower jiart of the mouth, it sends 
a braiH-li to the (esophagus and trachea, su|)plies the muscles 
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of the hyoid, ib. F, the tongue, E, the lower surface of the mouth, 
and furnishes the artery which enters the substance of the lower 
jaw. 

^ Just at the origin of the siibmaxillary artery there is another 
little branch of the carotid, which is lost upon the muscles of the 
hyoid arch. 

^ The internal maxillary artery is, as usual, the continuation 
of tlie trunk of the ectocarotid; it runs forward between tluj 
])terygoid muscle and the lining of the mouth, upon the side of 
the long muscle for moving the upper jaw, and divides into two 
principal branches; one of them proc^j^ds under the tendon of 
the long muscle to get uj)on the palate, where it forms two 
branches, of which one runs along the external side of the palate, 
))ehvcen the membrane and the bone of the mandible to the 
extremity of the bill, where it becomes united to the same branch 
of the o[)positc side, as also to the middle artery of the })alate. 
The other branch lies also superficially under the meml>rane 
which lines the mouth. It jjasscs onward to meet its correspond- 
ing vessel of the opposite! side, with which it becomes actually 
incorporated, and ly their union a single artery is generated, 
which runs along the middle line of the ])alate to the end of th(» 
inaiulihle, wh(!re it unites with the lateral branches, as already 
mentioned. At the jum^tion of the vessel of ea(‘.h side to h)!*!!! 
the middle palatine artery, two branches go off', which are lost upon 
tlie lining of the mouth, and the interior of the organ of smell. 

‘ The other branch of the internal maxillary artery is reflected 
upward toward the orbit, l)elow which it divides and unites again, 
iorining a triangle, through which the vein ]>asses: at this place 
it produces a remarkable plexus of vessels, like the rote inirabile 
ot the carotid artery of quadrupeds, wdiich is increased by branches 
from the ophthalmic and tlie ])alatiiie arteries, and from which the 
hack ])art of the organ of smell receives its supply of blood. 

^ The internal maxillary artery then runs directly backward 
holow the orbit, passes between the radiated or fan-sha|)ed nius(*lo 
which moves the upper jaw and the ])terygoid ; and turning 
uiward round the basis of the cranium, becomes incorporated with 
the internal carotid artery just as it cntei*s the bony canal which 
<*onduct>s it to the brain. ^ 

‘ The vertebral artery^ fig. 93, 6, soon after it ])arts from the 

‘ Barkow describes the internal maxillary artery as wanting; in birds, and its i)lace 
Joing supplied by branches of both the external and internai carotids and the facial 
artery , all of which sometimes unite to form the maxillary plexus of vessels, which is 
conspicuous in the Goose and Duck. xliv. 

VOL. 11. 


O 



194 


ANATOMY OF VERTEBRATES. 


carotid, sends off a branch backward, which passes over the neck 
of the scapula and is lost among the muscles on the posterior part 
of the shoiilderf inosculating with the articular and other arteries 
about the joint: this branch might be called the sujmi-sccqndar^ 
ib. 5. Ill the Jheck we have observed it, before it makes the turn 
over the scapula, to send an artery upward along the muscles of 
the neck. The trunk of the vertebral artery proceeds obliquely 
upward, and having entered the foramen in the transverse pro- 
cess of the penultimate cervical vertebra, gives off a large branch 
dowuiward, Avhich is distributed between the vertebrse, and to the 
spinal canal, in the manner of the intercostal arteries, with which 
it anastomoses upon arriving in the thorax. 1"he remainder of 
the verteliral artery is continued ujiward in the canal foi-ined by 
the plcur- and di-apophyses of the cervicial vertebric, diminishing 
gradually inconsequence of the braiudics it sends off between each 
vertebra to the myelon and the inusclcs of the neck. Near the 
head the artery is found considerably reduced, and within the 
uppermost foramen in the transverse processes terminates entirely 
by inosculation with the reflected occiiiital branch of the carotid, 
as before noticed. 

^ After the common trunk of the carotid and vertebral is detached 
from the arteria innominata, this vessel may assume the name of 
the subnlavimi, fig. 93, 14. While passing under the (Hiracoid it 
sends oft* some important branches : the first might be called the 
pectoral, artejy; it proceeds upward upon the internal surface of 
the pectoralis minor muscle, which it supplies, and then dividing 
into two l)i*auches, one passes over the anterior edge of the 
coracoid, and under the pectoralis med ins, between which and the 
sternum it runs, detaching its branches to the muscle ; the other 
sends first along the under side of the coracoid a brandi which is 
again subdivided and distributed to the outside of the shoulder- 
joint and to the deltoid muscle, in whicli it inosculates with the 
articular artery. The vessel then passes between the coracoid and 
the furcidum, and on a Ugamcnt which connects the head of the 
coracoid to that of the scapula, and disperses its branches upon 
the upper part of the shoulder-joint, forming anastomoses with the 
neighbouring arteries. 

‘ -Ihe next branch of the subclavian is the humeral artery ^ 
ib. 1 .'i ; it arises from the upper side of the vessel, and makes a 
slight curve to reach its situation on the inside of the arni in order 
to disperse its branches in the manner hereafter described. 

^ The internal mammary artery, fig. 94, 2i, is given off just as 
the subclavian leaves the chest. It divides into three branches; 
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one ramifies upon the inner surface of the sternum, another upon 
the sternal ribs and the intercostal muscles, and the third runs 
along the anterior extremities of the vertebral ribs, supplying the 
intercostal muscles, &c. 

^ The chief peculiarity of the arteries of the superior extre- 
mities in birds consists in the great magnitude of the vessels which 
supply the pectoral muscles ; these, instead of being inconsider- 
able branches of the axillary artery, arc the continuations of the 
trunk of the subclavian, of Avhich the^humcral is only a branch. 

‘ The great pectoral or thoracic artery passes out of the chest 
over the first rib and close to the sternum, and immediately 
divides' into two branches. One of them, fig. 93, ir,, ramifies in 
the superior part of the pcctoralis major, and the otlier, ib. 17 , is 
exhausted in the lower part of the muscle, and sends off a branch 
analogous to the long thoracic artery of Mammalia.’ Fig. 93 
shows ^the distribution of these a)*teries to the skin after per- 
forating the pectorallH muscle. 

‘ The humeral artery^ while Avithin the axilla, gives a small 
branch backward to the muscles under the scapida, and ujum 
reaching the inside of the arm produces an artery that soon 
divides into the articidar atvd the ])rofunda humeri. The a.rticu'- 
/«/• artery passes r<uind the head of the humerus, underneath the 
extensors ; its branches penetrate the deltoid muscle, and ana- 
stomose with the other small arteries around tlio joint. 

‘ The profunda hnmeriy as usual, turns under the extensor 
muscles to reach the back of the bone, at wliich place, in birds, 
it separates into two brandies, of Avbich one descends upon the 
inside, and the other upon the outside of the articulation of the 
humerus with the radius and ulna, and tlicre inosculate with the 
recurrent branches of the arteries of the fore-arm, 

‘ After the linmeral artery has sent off tlie profunda, it descends 
along the inner edge of the biceps muscle, detaching some branches 
to the neighbouring parts ; upon arriving at the fold of the wing, 
it divides into two brandies ; one of these is analogous to the 
ulnar artery, and the other from its position deserves to be called 
rather the inter osseous than the radial artery. 

‘ At the place Avhcrc the Iiumeral produces the two arteries of 
the for e-ann, a small branch is sent ott‘, which is lost upon the 
fore-part of the joint, and in anastomoses with the recurrent of 
the ulna iind profunda humeri. 

‘ The ulnar artery is the principal division of the humeral ; it 
proceeds superficially over the muscles Avhidi are analogous to the 
pronator, sends a large recurrent hrancli under the flexor ulnaris 



196 ANATOMY OF VERTEjBBATES. 

to the back of the joint, upon which it ramifies and forms ana- 
stomoses with the profunda Inuncri. The ai*tery then proceeds 
Jilong the inner edge. of the ulnar muscles, to which it distributes 
branches. It is aftenvards seen })assing over the carpal bone of 
tlie ulnar side, and under tlie annular ligament, at wliich place it 
sends off some branches whicli spread upon the joint and inosculate 
with the*similar ones of the interosseous artery. Very soon after 
the ulnar artery gets upon the metacarjms, it dips in between the 
bones, and rcappcjirs upon tlie opposite side, lying under the 
roots of the quills, to each of which it sends an artery ; it pre- 
serves this situation to the end of the metacarpal bones, where it 
passes between tlie style analogous to the little finger and the 
prin(n*pal or fore-finger, and pursues its course along the edge of 
the latter, to the extremity of the wing, su])plying each of the 
true quills with an artery, and sending at each joint of the finger 
a cross branch to communicate with the anastomosing branches 
on the opposite side. 

^ The infrrosseous artery detaches first a branch of some size to 
the membrane which is spread in the fold of the wing, upon wdiich 
it forms several ramifications, fig. 94, o. After this the artery 
dips dowm behind the flexor muscics to get into the space betw een 
the ulna and radius. It licre gives a branch backw'ard to com- 
municate wdth the others about the joint, and proceeds in the inter- 
osseous space as far as the carpal joint, during wdneh course they 
become much diminished from giving ofl" several liranches which 
arc distributed to the integuments and the quills phuied upon tlie 
outside ot the ulna. The remainder of the interosseous artery is 
cx]>ended in small branches upon the back of tlu; carpal joint, the 
bastard (iiiills, and along the radial edge of the metacaiqial and 
bones of the fore-finger, where it forms feoinmunications with the 
ci’oSkS hranclies of the nhiar artery already mentioned, 

‘ From this description it will be jicrccivcd that no artery exists 
in birds strictly analogous to tlie radial; that there arc no palmar 
arches ; and that the size of the interosseous artery, and the 
course of the ulnar, along the outside of the meta(*arj)iis, arc 
peculiarities which arise from the necessity of affording a large 
supjdy of blood to the quills during their growth, 

^ Ihe dvaccnding aorta^ fig. 93, 19, makes a curve round the 
right auricle and right bronchus, in order to get upon the pos- 
terior surface of the heart, after which its course is close along the 
spine, in vvhi(*Ji situation it is bound down by cellular substance, 
and tlie strong membrane or aponeurosis, w'liich covers the lungs 
on their anterior part. The first branches which this vessel 
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aj)[)cars to send ofF are bronchial arteries ; they arise from the 
fore part of the aorta, just when it arrives upon the spine ; and 
having entered the lungs, tlieir ramifications accompany those 
t)f the piihnonary arteries. They appear also to send branches 
to the spine and the spaces between the ribs. 

^ The intercostal arteries do not take their orii^in from the aorta 
in numerous and regular brandies as in Mammals, but consist 
originally of but fcAV vessels, whicb^ are multiplied by anasto- 
moses with each other, and with the arteries which come out of 
the spinal canal. An arterial plexus is thus fornuHl round the 
heads of the ribs, from which a vessel is sent to each of the inter- 
(*ostal spaces. Many of these branches, besides supplying the 
intercostal muscles and ribs, arc continued into the muscles upon 
tlie outside of the body and the integuments. The anastomosis 
(»f the intercostal arterie.s round the ribs is very similar to tlu', 
])lcxus, which is j)roduced by the great syrnpathetic nerv^e in the 
same situation. 

‘ The aorta produces no branch which desei’vos the name of 
tlie phrenic artery^ as liirds do not fiossess that muscular septum 
i)f the body to which tlie artery of this name is distributed in 
other animals. 

‘ Tlie cadiac artery, fig. 20, is a very large single trunk, and 
arises from the fore part of the aorta, even higher than the zone 
of the gastric glands. It descends obli([uely for a short way, and 
tlum gives off a branch which soon divides into two or three 
others that are spread upon the lower part of the oesophagus, and 
the side of the zone of the' gastric glands, uniting "with the other 
arteries of the a'sojdiagus above, and extending downwards upon 
the posterior side of the ventricle, and anastomosing with the 
anterior gastric artery. The trunk of the cadiac now divides into 
two very large branches, which from their distribution we have 
chosen to call the ])osterior and the anterior gastric arteries. 

‘ The posterior yastric artery, almost as soon as it is formed, 
detaches the splenic artery ; and very soon after it furnislies from 
the posterior side of the vessel the right hepatic artery. This 
liranch proceeds to the right lobe of the liver, which it enters on 
the side of the hepatic duct; after having divided into two or 
diree minute arteries on its way to the liver, it supplies the 
hepatic duct with a branch whicli accompanies the duct to the 
intestine, and is there lost. The posterior gastric artery then 
runs doAvn upon the back of the gizzard, and opposite to the 
origin of the first intestine it sends off an artery, which jirocceds 
directly to one of the cocca (in the Fowl), upon which and the 
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side of the next intestine it is expended, inosculating at the end 
of the coecuin with branches of the mesenteric artery, wliich are 
distributed to the adjoining portion of the small intestine. The 
posterior gastric then furnishes a large vessel which runs upon 
the gizzard, and divides into two chief branches, which penetrate 
the substance of the digastric muscle, in which they are lost. 

‘ The next brancli <jf the posterior gastric artery is the pan-- 
erratic. It runs between the two pancreatic glands, dispensing 
branches to each and to the duodenum. After this the trunk of 
the posterior gastric divides into two branches, which furnish 
twigs to the muscular parietes of tlic ventricle, and run along 
the margins of the upper .and lower portions of the digastric 
muscle, supplying them witli numerous twigs, .and .anastomosing 
wdth the ramifications of the other gastric arteries. 

^ Tlie anterior (jaatrie artenf descends ti) the angle formed by 
the bulbus glandulosus and the gizzard, and there sends off a 
small br.anch which spreJids upon tlie zone of the gastric glands, 
and inoscidates with tlie Hrst ramifications of the cmliac, and 
immediately afterwards it detaches a large artery, wdiich runs 
round the superior margin of the digastric muscle, which it fur- 
nishes with many twigs, and communicates freely with the corre- 
sponding branch of the posterior gastric artery. 

^ Three small hepatic arteries take their origin from this branch 
of the anterior gastric, just as it passes over the highest part of 
the margin of the gizzard ; these vessels enter the fissure in the 
left lobe of the liver, ddie anterior gastric artery now proceeds 
along tlie fore ])art of the gizzard, sertding one or two branches 
into the muscular substance, and ne.ar the tendon it terminates in 
U\o large vessels, one of wliich is distributed upon the left side of 
the digastric muscle, and the other p<asses a little over the tendon, 
and tljeii divides into two arteries, Avhich produce several branches 
that disap])ear in the substance of the gizzard, and between the 
digastric muscles and the parietes of the ventricle, anastomosing 
with the vessels of the posterior side. 

‘ The superior mesejiteric artery^ fig. 93, 2i, takes its origin 
from the fore part of the aorta, a little below the cadiac, and pro- 
ceeds for some way Avlthout detaching any branches ; after which 
it experiences the same kind of division and subdivision that takes 
place in Mammalia; and the numerous .arteries Avhich are thus 
ultimately produced are spent upon the small intestines. “One of 
the first and largest branches of the superior mesenteric, however, 
is allotted to supply one of the emea, and to establish a communi- 
cation Avith the inferior mesenteric and g.astric arteries. This 
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branch, soon after it leaves the trunk of the superior mesenteric, 
divides into two. One descends upon the rectum, where it meets 
with the inferior mesenteric artery, with which it produces a very 
remarkable anastomosis, similar to the mesenteric arch in the 
luiinan subject ; this united artery supplies the rectum and origin 
of the cfcca. ^i.fie second |)ortion of this brancli of the su|>erior 
mesenteric runs in the sjjace between the last ])art of the small 
intestine and the coecum of one side, pending numerous branches 
to each, and at the end of the coecum communicates in a palpable 
manner with another branch of the su|>erior mesenteric artery, 
which runs upon the adjoining part of the small intestine. 

‘ A branch, artma spermaticn^ fig. 93, 22 , arises from the 
anterior part of the aorta, just below the lungs; it is designed 
for the nutrition of the organs of generation, and exce])t in the 
season for ])ropagation, it is so small as t(» be discovered with 
difliculty ; l)ut when the testicles become enlarged, it is consider- 
ably increased in size in the male bird, and much more so in the 
f(‘male, when the ovary and oviduct arc developed for producing 
eggs. It nearly C(|uals ihe su|)erior mesenteric artery during the 
])eriod of laying, in which state ive shall describe it. It is a* 
single artery, like the cadiac and mesenteric, ])roeeeds at a right 
angle from the aorta, and soon sends ofl‘ a branch, which goes 
into the kidney of the left side, to wdiich it gives some twigs, and 
afterwards emerging from the kidney, it runs in the membrane of 
the oviduct, Uj)on which it is distributed. After this branch is 
detached, the artery projects a little farther forward into the 
cavity, and divides into tw^o branches ; one of thefte goes to the 
ovary, in which it ramifies, and furnishes an artery of some size 
to each of the cysts c.ontaining the ova. The other is distributed 
in numerous branches to the membrane and su])crior ])arts of the 
oviduct, and inosculates w-ith the other arteruis of the oviduct. 
It deserves to be remarked, that this and all the other arteries 
which Jire furnished to the oviduct have a tortuous or undulating 
course, in the same manner as the vessels of the uterus of the 
liuman subject. 

‘ There are no regular emulffent arteries in birds ; the kidneys 
deriving their blood from various sources, which Avill be pointed 
out as they occur. 

‘ The inferior extremity is supplied wdth two arteries, wdiich 
liave a ’separate origin from the aorta. One corresponds to the 
leinoral, and the other to the ischiadic artery. 

‘ Ihe femoral artery^ figs. 93, 94, 23, is a small trunk, which 
takes its origin from the side of the aorta, opposite to the notch 
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in the bones of the pelvis immediately under tlie last rib. This 
notch is formed into a round hole in the recent subject by a liga- 
ment which is extended from it to the rib ; and it is through this 
liole that the femoral artery makes its exit from the pelvis ; just 
before it ])asses out upon the thigh, it sends off a long branch, 25, 
whicli runs backward the whole length of the margin of the pel- 
vis,, dis[)cnsing arteries to the abdominal muscles on one side, and 
the ol)tiirator mteriuis on the other. This bi'anch also appears 
to siip])ly one to the oviduct. The femoral artery, immediately 
after leaving the [>elvis, scj)arates into two branches ; one goes 
upward and outward, ramifying amongst the muscles in that 
. situation ; tlie other turns downward, and is distributed to the 
flexors of the limb and round the joint, and sends an artery to 
tlie edge of the vastus intern us, which can be traced as far as the 
knee. The kidneys appear to derive some irregular inconsider- 
able 1) ranches from the femoral artery while it is within the pelvis. 

‘ The ischiadic arterjj^ figs. 89, 93, 26, is the principal trunk of 
the lower extremities, exceeding very much iji size the femoi’al. 
When it is produced Iiy the aorta, it appears to be tlnj c.ontimia- 
^tion of that trunk; the remaining jiart of the aorta becomes so 
niuch and so suddenly diminished, and seems, as it were, to pro- 
c(!ed as a branch from the back |)art of the vessel. 

‘ The ischiadic artery, while in the pelvis, is concealed by the 
kidneys, in whi(*h situation it gives a branch from its loAver side, 
which divides into three others that are distrihuted to the sul>- 
stance of tlie kidneys ; one of these on the left side is continued 
out of the kidilcy to l)e lost npon the oviduct. The artery leaves 
the |)elvis by the ischiadic fimimcn in com[>any with the great 
nerve; while within the foramen it gives a branch obliquely 
downward under the biccjis to the muscles lying in the pelvis ; 
and as it ]iasses over the adductor it sends otf another along the 
lower edge of that muscle, which is chiefly lost in the semi-mcni- 
branosMS. It then detaches several small branches to the muscles 
on the outer and fore part of the thigli, some of which anasto- 
mose round the joint with the branches of the femoral artery, 
flust as the ischiadic arrives in the Iiam, it furnishes a very large 
branch downward, whicli divides into two ; one goes under tlie gas- 
trocnemius, to which and the deep-seated flexors its branches arc 
distributed as hr as the heel : the other is analoiroiis to the 
peroneal artery ; it goes to the outside of the leg, siipiflies the 
peroiK'al muscles posteriorly, and passes along the outer edge ol’ 
the flexors of the toes to the heel, above which, and behind the 
flexor tendon, it divides, ruiming on each side of the heel, and 
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forming several articular arteries around the joint, and communi- 
cating, with the other branch, and with tlie anterior tibial, and 
the metatarsal branch of the plantar artery. 

‘ The articular arteries go off next from the artery in the ham; 
the two j)rincipal ones are deep-seated. One proceeds under the 
vastus internus to the extcnial part of the j'oint ; tlicj other is 
large, and situated upon the inside. It forms two vessels one 
is the true articular artery, and spreads upon the ligaments of the 
joint ; the other is distributed in the substance of the flexor of 
the heel, which is placed upon the insiric and fore part of the leg, 
and comes out upon the edge of this muscle to be lost in the 
integuments. 

‘ I'he posterior tihial artery^ fig. 94, *28, is extremely small ; it 
only supplies muscular branches to the internal head of the 
gastrocncniiiis, and some of tiic flexors of the toes; it is lost on 
the inside of the heel in anastomoses with the peroneal artery, 
and other small supci’ficial branches. 

‘ 44ie trunk of tlie artery of the leg now gets u|)oti (ho poste- 
rior surface of the tibia, and sends off, through the deficiency left 
between tlie tibia and fibula at the suj)crioi* part, a braiicli which 
is distributed to all the muscles uj)Ou the fore ])art of the IcgJ^ 
44ie artery then creeps along the hack of the bones for some 
way, and passing between them above, wliei’e the fibula is anchy- 
lose<l with the tihia, it roap])cars on the anterior i)art of the leg 
in the situation of the anterior tibial artery^ at tliis ])lace it. 
detaches some very sjnall branches, which frc(|ucntly divifle and 
unite again, to j)roducc a most singidar reticulation or plexus of 
vessels, wliidi closely adheres to the triudc of the artery, and is 
coiitinncd with it as far as the articulation of the tibia with the 
metatarsal bone, where it disappears without seciiiiug to answer 
any useful design. 4418 j)Iexiis resembles in ap[)earance exactly 
the division of the arteries of the extreiuitics, which has been 
described by Mr. Carlisle in the tardigrade qiiadiaipeds, but 
differs from \t in tins circimistanee, that the trunk of the artery 
is preserved behind it, without sufFering any material dimimition 
of its size. 

‘ The anterior tibial artery furnislics no branch of any impor- 
tance during the time it is proceeding along the fore })art of the 
leg. It pusses under the strong ligament which binds down the 
t(mdons*of the anterior miisclos of the leg, and over the fore ]>art 
ot the joint on tlie inside of the tendon of the tibialis anticus, at 
which places it distributes some branches which inoscrulate with 
the other arteries round the joint; it then pursues its course in 
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the groove along the anterior surface of the metatarsal hone, 
and covered by the tendon of the flexor digitorum. On coming 
near the foot it sends olf an artery, which divides, behind the 
joint of the internal toe, into two branches; one goes between 
the internal and middle toes, ramifies u])on both their joints, and 
unites with the artery in the sole of tlie foot ; the other is dis- 
tributed between the internal toe, and the pollex or toe which 
occupies the j)lace of the great toe ; the main artery now passes 
to the sole of the foot through a hole in the metatarsal bone, left 
for the purpose, when the original ])arts of this bone were united 
by ossification. In this situation the artery might receive the 
name of the jjlantar. It has scarcely passed throngli the bone, 
when it divides into six branches ; three of these are distributed 
to the tendons and ligaments, &c., on the outside of the foot and 
the back of the metatarsus, anastomosing with the descending 
brandies of the peroneal artery ; the fourth branch su})i)lies the 
})ollex, and also sends a branch from the metatarsus. The re- 
maining liranches are designed for the three principal toes ; tine 
di])S in between the internal and middle toe, unites with the 
anterior branch of the metatarsal artery, and is distributed to tlie 
%ides of these toes as flir as their extremity. The other di^ ides, 
between the external and middle toe, into two branches, which 
run upon the opposite side of each of these toes to the end. 

‘ When the feet arc webbed, the digital arteries send off nu- 
merous branches, which, ramifying in the inemlirane between the 
toes, establish a communication with each other. The present 
descri]>tion has been taken from birds Avliich ])osscss three jirin- 
cijial toes, and the back toe or pollex ; but no material ditfcrencc 
can be expected in those with a greater number of toes. 

‘ After the tiaink of the aorta has dctaclied the Ischiadic ar- 
teries, it is continued along tlie spine as the arteria sacra rnedla^ 
fig. 93, 29, sending off small branches answering to lumbar 
arteries, one of Avhich ascends upon the rectum, suj)])lies the \)h\cG 
of the ijiferior mesenteric, ib, 30, and unites with the superior 
mesenteric as already mentioned. The aorta separates above the 
coccygeal A crtebi'te into three branches ; two of these (the hf/po- 
fjastricarferies,ih. 31, proceed laterally, and are distributed h> 
the neighbouring parts, and to the kidneys and oviduct; the 
third branch (the eoccyfjcal artery, ib, 32 ) descends to the very 
point of the tail, upon the muscles and quills of which its branches 
are exhausted. 

^ The arterial system of Birds, besides the distinguishing 
characters above mentioned, differs from that of Mammals chiefly 
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in the frequent anastomoses, which exist more especially amongst 
the arteries of the head and the viscera. Similar communications 
occur between the veins.’ * 

Besides the remarkable arterial jilexuses mentioned in the 
general description, as the orbital, the temporal, the spermatic 
plexuses, &c., that which Bar- 


kow^ has described under the 
name of the plexus of the 
i)i*gan of incubation 
(jane) deserves special notice. 
It is re])resented at 17 , is, fig. 
93, and is composed of branches 
coining from the [»ost(‘rior tho- 
racic, abdominal, cutaneous, 
and ischiadic arteries, which 
ramify bcneatli the integument 
of the abdomen, and form, by 
(heir unions, a riidi network 
of vessels which becomes truly 
extraordinary in the time of 
hatching. At this period many 
birds |)luck off the featliers 
from the seat of incidiation, 
probably thereto irn[)ellcd by 
the great degree of heat caused 
hy the influx of blood into the 
Incubating plexus. 

§ 155. Vents of Birds,— 
"file venous blood Is returned 
to the heart by means of three 
trunks ; two of these arc iire- 
cavals, fig. 90, n, h, and one 
postcaval, ib. c. Each prcca- 
val, fig. 94, n, is composed of 
tlic jugular and vertebral, and 
the veins of the wing. 


94 



Voius of a Kowl. 

‘ The vertebral vein is lodged in the same canal with the verte- 
bral artery ; it anastomoses between the vertebne with the veins 
of the inyelonal membranes. It also freely communicates at the 
base of the cranium with the jugular vein, and receives blood 
from the muscles of the neck. 

‘ The jugular vein, fig. 94, /y, is a single trunk in birds, and 
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does not admit of the distinction into external and internal ; it 
proceeds superficially along the side ol the neck in company with 
the par vagum. The vein of the right side exceeds the other in 
size ; it is often tAvice as large. The jugular vein receives several 
lateral branches from the inuscles and integuments of the neck, 
ib. dy thp ersophagus, &e. (the veins from the cro]) joining the*, 
jugular are shown at c) : one of these near the head is nyich 
longer than the rest, ib. e ; it lies deep amongst the muscles, and 
appears to communicate with the vertebral vein. There is a 
branch of the jugular Avliich goes to the superior larynx amongst 
the muscles of the ‘tongue and of the hyoid, and another for the 
muscles Avitliin the jaws and tlic integuments in the ba(‘k of the 
mouth; those might be called the Ihujualy thyroid^ and suhmaayil- 
lary veins, ib. tjy li, i. 

^ The jugular veins form a remarkable communication Avith 
each other immediately beloAv the cranium, by means of a cross 
branch, generally of an equal size AAnth the trunks themselves. 
From each side of the arch thus formed there issues a large 
vessel, Avhich is made u]) of the veins of the external [)art of llie 
head ; one of these paKSses round the tympanic, and ap|)arcutly 
jicnetrates the joint of that bone Avith the lower jaAv ; it appears 
in several branches upon the side of the ehcck, and contributes 
to form a plexus of veins l^eloAV the posterior part of the orbit, 
ib. hy similar to the arterial plexus already described in that 
situation. The principal branch of the veins of the licad [>asses 
obliquely round the pterygoid bone, and below the orbit divides 
into several large vessels, one of Avhich belongs to the back part 
of the palate ; another ascends on the orbit, and unites Avith the 
ophtlialnvic vein ; and a third is distributed to the interior of the 
organ of smell, the palate, and the external parts of the upper 
and loAver jaAvs. These branches jiroduce plexuses along the 
base of tlie orbit and the external edge of the palate, Avhicli 
correspond to those of the artciies before described.’ ^ 

Tlie sinuses of the liraiii are irregular in form, and consist of 
flattened canals. The principal ones, besides those upon the 
cerebellum, are the superior longitudinal, and one Avhich runs 
along the loAvcr edge of each hemis})hcrc of the cerebrum ; there 
appears to be also one upon the side of the cerebellum, corre- 
sponding to the lateral sinus. All these sinuses eommunicate 
with each other on the back of the cerebellum, and seem to dis- 
charge their contents principally into some veins Avhieli lie in tlie 
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myolonal slieath, and these appear to dispose of their blood 
gradually, as they descend in the neck, by means of lateral com- 
munication with the vertebral veins. The superior longitudinal 
sinus is continued at its anterior part under the frontal and nasal 
bones, and anastomoses with the ophthalmic and nasal veins. 
There are other small sinuses in the several duplicatures of the 
dura mater. * 

The veins of the wings^ wliich are derived from the parts within 
the chest, the muscles about the scaptila, and the pectoral muscles, 
accompany the arteries of the same parts so regularly that their 
course does not require description. 

The axillarg vein, fig. 94, /, lies considerably lower in the axilla 
tlian the artery, but still continues to receive corresponding 
))ranclics {m indicates the great pectoral vein). The trunk of 
tlic vein descends in the course of the humeral artery, but more 
superficially ; in this situation it may be called the humeral vein, 
ib. n. llranches of this vein accompany the articular and 
l>rofunda arteries, and at the middle of the humerus a large 
l)ranch of the vein enters the bone ; thei’C arc also two very 
small branches whicli lie in close contact with the humeral artery, 
which they accompany nearly its whole length. 

The ])rinci|)al vein of the wing divides into two, o]>positc to 
the joint of the humerus with the fore-arm. One of these 
branches, ib, o, belongs to the sides of the radius; it receives 
blood from the muscles and skin on the u])])er part of the fore- 
arm, but its chief vessels lie between the integuments of the fold 
of the wing. The other branch of the humeral vci’4, ib. p, crosses 
the fore-arm, just below the articulation, in comj)any Avith the 
nerve, and running along the inferior edge of the ulna, receives 
a braiudi from betw^een the basis of each quill, is continued along 
the ligament Avhich sustains the rest of the quills to the extremity 
of the wnng, receiving many veins of the joints from the o])])osite 
side of the fingers. Besides these large superficial veins of the 
for(;-arm, there appears to be one, and sometimes two, small 
accompanying veins to the ulnar and interosseous arteries, ib. q. 

The inferior vejia cava, ib, K, before it enters the auricle. A, re- 
ceives as usual the hepatic veins, ib. s; these arc numerous, and oj)cn 
uito the cava as it passes behind the liver, or more frequently 
within the substance of that viscus in the back part. 

The trunk of the vena cava is very short in the abdomen ; it 
separates into tAvo great branches analogous to the primary iliac 
veins, ib. t, opposite to the adrenals ; these turn to each side, and 
experience a yqxj singular distribution. On coming near the 
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edge of the pelvis, each of these two veins forms two branches; 
one of which collects the l)lood of the lower extremity, as here- 
after described ; the other passes straight downward imbedded in 
the substance of the kidney, and admits the several emulgent 
veins, wliich are very large, and are seen to pass for some way 
obliquely in the kidney before their termination. Sometimes the 
emulgent Undm arc <loiiblc, as in the figure, ib. w. The limb- 
vein sends ofi‘ a destXMiding branch into the renal tissue which, 
when arrived at the lower .end of the kidney, divides into three 
branches ; one receives the blood of the muscles of the tail and 
parts adjacent ; another accompanies the ureter to the side of the 
rectum, and is distributed about the anus and parts of gene- 
ration, answering to the /uemorrhoklal veins ; the third, ib. c, v, 
passes inward to the middle line between the kidneys, and there 
unites with the corresponding branch of the opposite side. These 
are the branches which have been supposed to carry venous 
blood into the kidneys, for the puri)ose of supplying material 
for the urinary secretion. The vessel which is in this manner 
produced, ib. z, reexuves all the blood of the rectum from the anus 
to the origin of the emea, anastomosing below with the branches 
of the luemorrhoidal veins; and at the upper part of the rectum, 
it l)Ccomcs continuous with the trunk of the veins of the small 
intestines, ib. forming the most remarkable anastomosis in tlie 
body, both on account of its consequences and the size of the 
vessels by which it is eifected. J3y means of this communication, 
the blood of the viscera aiul the external parts of the body flows 
almost indifferently into the vena cava and vena portaj, w ; for 
the anastomosing vessels are sufficiently large to admit the ready 
passage of a considerable column of blood in pro[)()rtion to the 
whole mass wdiich circulates in the body of the bird ; for instance, 
in the Goose the communicating veins of the pelvis are equal in 
size to a goose-quill, and in the Ostrich and Cassow'ary they are 
as thick as a finger. Besides their anastomoses the principal 
visceral veins are remarkable for their large size in the Diving 
Birds. 

^ The anastomosis of the pelvic veins, in being the means of 
conveying common venous blood into the liver, goes to prove 
that the blood of the vena porta; does not require any peculiar 
prepra’ation r)y circulation in the spleen or other viscera to fit it 
for the secretion of bile. 

^ The vena portcc, il). ic, belongs almost exclusively to the 
right or principal lobe of the liver. It is formed by three 
branches. The splenic vein is the smallest, and is added 
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to the vena portte, just as it i)enctrates the liver on the side of 
tlie hepatic duct. The next is made of two branches; of wliich 
one returns the blood of the posterior gastric artery, and there- 
fore may be called tlie posterior gastric vein ; and the other is 
furnished by the pancreas and duodenum, and is the pancreatic 
vein. The third and largest branch of the vena portae is the 
mesenteric vein, ib. x, wliich not only collects tlie blood from all 
the small intestines, but likewise receives the inferior meseyiteric, 
ib. z, or vein ot the rectum, which fofins the communication that 
has been described with the pelvic veins. 

‘ The veins of the left lohe of the liver arc furnished in the 
Goose by those which accompany the anterior gastric artery, and 
some branches from the head of the duodenum. 

^ The anterior gastric veins produce two small trunks, wliudi 
enter at the two extremities of the fissure, in the concave surface 
of the left lobe of the liver, as it lies upon the edge of the 
gizzard; the v(uris from the head of the duodenum furnish a 
small vessel which jiasses backward to penetrate the posterior 
[)art of the fissure in the left lobe. 

‘ In the Cock the veins that the left lobe of the liver derives 
from the anterior gastric, are more numerous tlian in the Goose. 

^ The veins of the /one of gastric glands, and of the lower 
portion of the (csoihagiis, do not contribute to the secretory 
vessels of the liver, but jiroceed to the superior part of that 
viscus, to terminate in the vena cava, as does also the umbilical 
vein. 

‘ The vein whicli returns the blood of the infcri^ir extremities 
is divided in the jielvis into two branches, wbieh corresiioiid with 
tlie femoral and ischiadic arteries; the one passes through the 
ischiadic foramen, and the other through the hole upon the 
anterior margin of the pelvis ; hut the proportion they bear to 
each other in magnitude is the very reverse of what occurs in 
the arteries ; for the anterior vein is the principal one, whilst the 
other is not a very considerable vessel, and rec^cives its supply of 
blood from the muscles at the posterior part of the joint. 

^ femoral vein, ib. a a, immediately without the pelvis, gives 
branches on both sides, which receive the blood of the extensor 
and adductor muscles at their superior part: the trunk passes 
obliquely under the accessory muscle of the flexor digitonim, and 
over the os fcinoris> where it lies superficially ; it then winds 
nnder the adductor muscles, and gets into the ham, h b, where it 
i'eeeives many muscular branches, and conies into company with 
the artery and nerve. It here divides into the tihial, e c, and 
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peroneal veins. The first is joined by some branches from the 
surface of the joint answering to the articular arteries ; it also 
receives the anterior tibial vein which accompanies the artery of 
the same name. The tibial vein proceeds down the leg along 
with tlie artery on the inside of the deep-seated flexors of the 
heel : it turns over the fore part of the articulation of the tibia 
with the metatarsal bone, in order to get upon the inner side of the 
metatarsus ; above tlie origin of the pollex, it receives a com- 
municating branch from the peroneal vein, and immediately after 
two branches from the toes : one of them comes from the inside 
of the internal toe ; the other anses from the inside of the exter- 
nal and middle toes, unites at the root of the toes in the sole of 
the foot, and is joined by a branch from the ])ollcx, before its ter- 
mination in the internal vein of the metatarsus. 

‘ The peroneal vein derives its jn incipai branches along with 
those of the peroneal artery, from the muscles on the outside of 
the leg. Tlic truuk of the vein comes out from the peroneal 
muscles, and passes superficially over the joint of the heel, and 
along the outside <»f the metatarsus; near the ])olIex, or great 
toe, it sends a branch round the back of the leg, to cojnmunicati*. 
with the tibial vein ; after wbicb it is continued upon the outside 
of the external toe to the extremity, receiving anastomosing 
branches from the tibial vein. 

^ Where tlie veins run superficially upon the upper and lower 
extremities, they seem to sup])ly the place of the branches of the 
cephulic, baailic, and the two mjjhence ; but the analogy is lost 
upon the uppc,v arm and thigh, these branches forming deep-seated 
trunks ; this constitutes tlie greatest pc(*iiliarity,* as (jornpared 
with Man and many Mammals, in the distrihutioii of the veins 
in tlie extremities of Birds.’ 


* xi.m 
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CHAPTER XX. 

UKrSriUATORY SYSTEM OF IMIIDS. 

§ 15(>. Langs of Birds, NoHvitlistaiuliiig the extent and ac- 
liNity of tlie respiratory function in Birds, the organs subser- 
vient thereto manifest more of the Re])tilian than of the Mamma- 
lian type of formation. 

The lungs are confined, as in the Tortoise, to the back part of 
the thoracic-abdominal cavity, being firmly attached to the ribs 
and their interspaces ; and, as in tlie Serj)ent, they communicate 
Avith large membranous cells which extend into the abdomen and 
serve as reservoirs of air. Tii the Apteryx alone they do not 
penetrate the diaphragm. 

Ill those aquatic Birds which arc deprived of the power of 
flight, as the Penguin, the air-recei)ta(des are confined to the 
abilomeu ; but in the rest of the class they extend along the sides 
of the neck, and, escaping at the chest and pelvis, accoin|)any 
the muscles of the extremities. They also 
[)enel,rato the medullary cavities and diploe 
of the bones, extending in different species 
through diffo'cnt proportions of the osseous 
system, until in Volit.ores, even in the Honi- 
hill, every bone of the skeleton is per- 
meated liy air. There is, indeed, no class of 
Animals so thoroughly penetrated by the 
medium in Avhich they live and move as that 
of Birds. 

The lungs arc two in number, of a length- 
ened, flattened, oval shajic, fig. 95, extend- 
ing along each side t)f the spine from the 
s^econd dorsal vertebra to the kidneys, and 
laterally fo the junction of the vertebral Avitli 
the sternal ribs. They are not suspended 
Ireely, nor dividM into lobes, as in Mammals ; 
hut arc confined to the back part of the chest by cellular 
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membrane, and the pleura is reflected over the sternal surface 
only, to which the strong aponeurosis of the diaphragmatic muscles 
is attached. They are consequently smooth and even on that 
surface, but posteriorly are accurately moulded to the inequalities 
of the ribs and intercostal spaces : the bosses varying in number 
from foivr to seven {Apteryx) or ciglit (Emeu). 

The lunjrs in o:eneral are of a briglit red colour, and of a loose 
spongy texture. The bronchi, fig. 85, r, fig. 95, «, penetrate 
their mesial and anterior surfaces about one-fourth from tlie uiiper 
extremities, liecoiuc membranous, dilate, give otf branches, which 
diverge as they run along the anterior surface; and the trunk 

divides into the two which open 
lit 5, * />, into the thoraclc-ab- 



A, Jjobule oE the lung «)f a hini reprosontedin i< 
longituiUnal scetloii. rjchivin. 


fig. 96, a, rt, which maintain 


doniinal air-receptacles. These 
orifices arc oblique, and are pai>* 
tially covered by a slight projec- 
tion of meinbrane. Some cartila- 
ginous traces are found through 
their entire extent. 

The pulmonary artery divides, 
almost immediately after its ori- 
gin, into two brandies, one to 
each lung; the ramifications or 
each artery form plexuses, fig. 
96, B, wliieh chiefly compose tlic 
pulmonary tissue : the pulmo- 
nary veins leave each lung by a 
single trunk, and the two trunks 
unite into one before terminating 
in the left auricle. 

The superficial primary branches 
of the bronchi, fig. 95, c, c, send 
off deeper-seated secondary ones, 
a uniform diameter to their cajcal 


terminations : the tertiary bronchi, ib. 5, h, distributed penniformly, 
also maintain a regular diameter, and open upon a dense laby- 
rinth of blood-vessels, ib, b. The mucous ciliated lining of the 
bronchi ceases with them ; and the capillaries of the pulmonary 
tissue are covered only by a hyaline epithelium, so as ,to appear 
naked. ^ The iilthnatc pulmonary capillaries do not form a net- 
work lining definitely bounded air-cells, but each capillary crosses 
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an air-space of its own ; tliey interlace in every direction, forming 
a cubic mass of capillaries permeated everywhere by air. In 
fig. 97, a is the cavity of a bronchial tube, h its lining mem- 
brane supporting blood-vessels with large areoUc ; r, c, perforations 
ill the membrane at the orifices of the lobular passages, r7, d : c, c, 
are interlobular spaces containing the terininal brancli,es of the 
pulmonary vessels siipj dying the 
ea|iillary plexus, f\ f\ to the 
lueslics of wliich tlie air gets ac- 
cess by the lobular passages. 

§ l/)7. Air-celU of Birds. — 

"file thoracic-abdominal cavity is 
subdivided and intersected by 
luiniber of membranes ; the 
greater part of the cells thus 
formed are filled Avith air. The 
texture of tlieir |)arietes pos- 
sesses considerable firmness in 
the larger birds, as llui Ostrich^ 
and CassoAvary. 

The innermost layer of the air- 
reeeptaeles can be separated from the outer layer, and is a con- 
tinuation of the lining membrane oi* the bronchial tube ; the outer 
layer is a serous inemlirane, and appears to form the cells by a 
series of reflections of wliat may be regarded as the pleura or 
peritoneum. 

These large incmbranous receptacles, into Avhieh the extremi- 
ties of the bronchial bifurcation and also some of the preceding 
branches open, arc disposed Avith sufficient general regularity to 
admit of a definite description and nomenclature. 

The first or inter clavicular air-eell, fig. 98, (/, extends from the 
uiiterior part of each lung, forward to the inters])ace of the fur- 
euluin, anterior to Avhicli it dilates in the ( jannet and many other 
birds into a large globular receptaide. Ju tbc Vultures it is 
divided into two lateral receptacles, betAveen Avhicli the large croj) 
is situated. A tliin fan-sluiped muscle is extended from the 
anterior edge of the furculum, over the iiiterclavicular air-cell iu 
these and some other birds. 

The aiitcrior thoracic cell, ib. h, contains the loAver larynx and 
l)i*onclii, and the great vessels Avitli their primary brandies to the 
head and wings. It is traversed by numerous membranous, septa, 
which connect the diffferent vessels together, and maintain them 
la their situations. The air passes into the posterior part of this 
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receptacle by two openings at the anterior part of flie lungs. The 
deep-seated air-cells of the neck are continued from it anteriorly. 

The lateral thoracic cclls^ ib. are continvied on each side 
from a foramen on the inner edge of the lung, situated just 
opposite the base of the heart ; they arc covered by tlie anterior 
thoracic air-cell, and from them the air })asses into the axil- 

lary and subscapular cells, into 
those of the wing, and into 
the humerus, ib. e. They also 
communicate with the ccllula 
cordis posterior, ib. c, l)chind 
the heart and bronchi,' which 
cell is often subdivided into 
several Ksmall ones. 

The ccllulce licpaticcc arc of 
mucli larger size ; they are two 
in number, of a pyramidal 
figure, with their bases applied 
to the latcj'al thoracic cells, and 
tlicir af)ices reaching to the 
pelvis : they cover the lower 
portions of the lungs and the 
lobes of the liver ; they receive 
air from several foramina situ- 
ated near and at the external 
edge of the lungs. 

The cellulcc abdoininalcs com- 
mence beneath the celluhe hc- 
[Kiticie at the inferior extremity 
of the lungs, whore the longest 
braiudics of the l)ronchijc open 
freely into them, (A bristle is 
passed through one of these 
openings in the figure.) They 
arc distinguished into right (Jt) 
and left (/) : tlie former is ge- 
nerally the largest receptacle in the body ; it extends from the 
last ribs to the anus, and covers the greater part of the small in- 
testines, the suprarenal gland, and kidney of the same side. The 
left abdominal cell, /, contains the intestines i)f its own side, and 
is attached to the gizzard. In some large Birds, as the Gannet, it 
is separated from the right receptacle by a mediastinal membrane, 
which is continued on from the gizzard to the anus. 
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Both tlic {ilxloniiiiiil reoeplaclcs transnvit air to tlio ])rlvie colls, 
/, k, of tlicir respective sides, and to several small and extremely 
dcjlicatc cells between and bcliind tlie coils of intestine. One of 
these is continned round the fold of the duodenum and pancreas 
to the gizzard, and has been termed the duodenal celL 

From the inguinal cell are continued the iutermiis(ud«ar 
and femoral cells, which surround the head of the femur, and 
coinmuni(‘ate with that bone by an aperture, /, situated imme- 
diately anterior to the great trochanter, except in those Birds in 
which the femur retains its medulla. 

The ceriyical air-cells arc continued from the large clavicudar 
cell, atid form in the Argala and Ihistard, fig. 54, a singular 
a])pendagc or pouch, contained in a loose fold of integument, 
which the bird can inflate at pleasure. 

In the Pelican and Gannet extensive air-cells are situated 
beneath almost tlie whole of the integument of the body, which is 
united to the subjacent muscles only here and there by the sci)ta 
of the cells and the vessels and nerves which arc sup]>orted by the 
septa in their passage to the skin. The large pectoral muscles and 
those of the thigh present a singular aj)pearance, being, as it were, 
cleanly dissected on every side, having the air-cavities above and 
beneath them. Phe axillary vessels and nerves arc also seen 
|)assing bare and unsu[)ported by any surrounding substance 
through these cavities. Numerous strl])s of carnosus 

pass Irom various ])arts of the surface of the muscles to be firmly 
attached to the skin ; a beautiful fan-shaped muscle is spread over 
the intcrclavicular or furcular arvcell. The use of *tlies(i muscles 
appears to be to produce a raj)id collapse of the superficial air- 
cells, and an cxpidsion of the air, when the bird is al>oiit to de- 
scend, in order to increase its specific gravity, and enable it to 
dart with raj)idity upon a living ])rcy. 

The air-receptacles of tlie thoracic-abdominal cavity present 
varieties in their relative sizes and inodes of attachment in dif- 
ferent birds. In the Jiaptores they are ])rinei[)ally attacli(jd jios- 
teriorly to the ribs, the diaphragmatic ajioneiirosis covering the 
lungs, and to the kidneys; while in the GraUatorcs they have 
anterior attachments to the intestines in many jihu^es. 

' The singular extension of the respiratory into the osseous 
system was discovered almost simultaneously l>y .Hunter and 
(tamper, and ably investigated by them throngh tlie wliolc class 
of Birds. Tha air-cells and lungs can he intlated from the bones, 
and Hunter Injected the medullary cavities of tlie bones from the 
Iriichea. If the femur into which the air is admitted be broken, 
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the bird is unable to raise itself in tilglit. If the trachea be tied, 
and an opening be made into the humerus, the bird will respire 
by that opening for a short period, and may be killed by inhaling 
noxious gases througli it. If an air-bone of a living bird, simi- 
larly perforated, be held in water, bubbles will rise from it, and a 
motion of the contained air will be exhibited, synchronous with 
the motions of inspiratio|i and expiration. 

The proportion in which the skeleton is permeated by air 
varies in different Birds. In the Alca impennis^ the Penguins 
{Apteiiodijtrn) and ihc Apteryx^ air is not admitted into any of 
the bones. The condition of tlic osseous system, therefore, whicli 
all birds present at the early periods of existence, is here retained 
tlu'ough life. 

In the large Struthioiis Birds, wdiich arc remarkable for the 
rapidity of their course, the thigh-bones and bones of the pelvis, 
tlie vertebral column, ribs, sternum and scapular arch, the 
cranium and lower jaw, have all air admitted into their cavities or 
cancellous structure. In the Ostrich the humeri and other 
bones of the wings, the tiluie and distal bones of the legs, retain 
their marrow. Most Birds of Flight have air admitted to the 
humerus : the Woodcoc'k and Snipe arc exceptions. The Pigeon 
tribe, with the exiM'ption of the Crown Pigeon, liavc no air in the 
femur, which retains its marrow. In the Owls also the feuiur is 
filled with marrow ; but in the Diurnal Birds of Prey, as in 
almost all other Birds of Flight, the femur is filled with air. In 
tlie Pelican and (jrannet the air enters all the bones with the 
excei)tion of Ihe phalanges of the toes. In the Hornbill even 
these are p(‘rmeated by air. 

Hunter has given the following cljaraeters as distinguishing the 
bones which receive air. They may be known — ^ first, by their 
less specific gravity ; secondly, by their retaining little or no oil, 
and, consequently, being more easily cleaned, and when cleaned, 
appearing much whiter than common l)ones : thirdly, by having 
no marrow, or even any bloody pulpy substance in their cells; 
fourthly, by not being in general so hard and firm as other bones; 
and, fifthly, hy the passage that allows the air to enter tlic 
Ixmes.’* The openings by wliicli the air penetrates the bones, 
may be readily distinguished in the recent bone, since they arc 
not filled n[> by blood-vessels or nerves, but have their external 
edges rounded off. 

In tlie dorsal vertebric the air-orifices are small, numerous, and 
irregular; situated along the sides of the bodies, and the roots of 
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the spinous processes, the air passes into them directly from the 
lungs. In the two or three lower cervical vertebrai; the air-holes 
are in the same situation, but receive the air from the lower 
cervical or clavicular air-cells : in the remainder of these vertebrae 
the air-holes are situated within the canal lodging the vertebral 
artery, and communicate with the lateral air-cells of the neck. 

The air-holes of the vertebral ril)s are situated at the internal 
surface of their vertebral extremities, and appear, like those of 
the contiguous vertebra3, to have >n immediate communication 
with the lungs. The sternal ribs have also internal cavities which 
receive air from the lateral thoracic colls by means of orifices 
placed at their sternal extremities. 

The orifices by which air is admitted to the sternum are nu- 
merous, but are principally situated along the mesial line of the 
internal surface, opposite the origin of the keel, forming a reticu- 
lation at that ])art ; the largest foramen is near the anterior part 
of the bone ; some smaller ones occur at the costol margins. All 
lliese orifices communicate with the thoracic air-receptacles. 

The scapula is perforated by several holes at the articular ex- 
tremity, Avhich admit air into its cancellous structure from the 
axillary cell. The coracoid Inis small air-holes at both extre- 
mities ; the largest is situated on its inner surface, where it is con- 
nected with the clavicle or furculmn. The fureulum receives air 
principally by a small hole in the inner side of each of its scapular 
extremities, which communicates with the clavicular air-cell. 

The air-hole of the humerus is of large size, and situated at the 
anconal or back part below the head of the boiu> in the hollow 
of the ulnar or inner tuberosity. It communieates ivith the 
axillary air-cell, and ti’ansmits the air to the cavity of tlie bone 
by several cribriform foramina. 

The air-holes of the pelvic bones are situated irregularly on the 
inner surface upon which the kidneys rest, and must theref'ore 
receive air from continuations of the abdominal receptacles ai-ound 
toe kidneys. 

A depression at the anterior part of the base of the great 
trochanter receives air from tlic glutieal cell, and transmits it by 
several small foramina into the interior of the femnr. In the 
Ostrich, the air-holes arc situated at the posterior part of the bone 
at both its extremities. 

The cavities of the long bones into wliicb air is tliiis admitted 
are proportionally larger than in the coiTCSjxmding bones of Mam- 
malia, and are characterised by small transverse osseous columns 
which cross \u different directions from side to side, and are more 
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numerous near the extremities of the bone ; they abut against and 
strengthen, like cross-beams, the parietes of tlie bone. The 
membrane lining these cavities, is not very vascular. 

The lower jjiw receives its air by an orifice situated upon each 
ramus behind the tympanic articulation, from an air-cell whicli 
surrounds the joint. The bones of the cranium and upper jaw 
receive air admitted to the tympanic cavity by the Eustachian 
tube, not from tlie nasal passages. With these, however, the 
subocular air-cell communicates ; and in the Coot, AVater-hen, 
Goose, and other water-birds, entozoa {Aloriostoma mutuhlle^ e. g.) 
gain access to that air-cell. 

The extension from the lungs of continiions alr-rcceptaclcs 
throughout the l)ody is subservient to the function of respiration, 
not only by a change in tlic blood of the pulmonary circulation 
effected by the air of tlie receptacles on its repassage through the 
bronchial tubes; but also, and more especially, liy the eliange 
whicli the blood undergoes in the cai>illaries of the systemic cir- 
culation, which arc in contact with the air-receptacles. The free 
outlet to the air liy the bronchial tubes does not, there(<)ro, aifbnl 
an argmnent against the use of the air-cells as subsidiary respi- 
ratory organs, but rather supi)orts that 0]>inion, since tlie inlet of 
atmospheric oxygenated air to be diffused over tlie body must 
erpially free. 

A second use may be ascribed to the air-cells ns aiding me- 
cbanically the actions of respiration in Birds. During the act of 
inspiration the sternum is depressed, the angle between tlie 
vertebral and sternal ribs made less acute, and the thoracic cavity 
proportionally enlarged ; the air then rushes into the lungs nnd 
into the thoracic receptacles, wliilc those of the abdomen become 
flaccid : wlicn the sternum is raised or approximated towards the 
sj)ino, part of the air Is cxjielled from the lungs and thoracic cells 
by the trachea, and part drivmi into the alxloininal receptacles, 
which are thus alternately enlarged and diminished with those of 
the thorax. Hence the lungs, notwithstanding their fixed con- 
dition, arc subject to duo compression through the mediimi of the 
contiguous air-receptacles, and are aftec'tcd equally and regularly 
by every motion of the sternum and ribs. 

A third use, and pcrba]>s the one which is most closely related 
to the pccLdlar exigencies of the bird, is that of rendering the whole 
body s])ecifically lighter; this must necessarily follow from the 
desiccation of the marrow and other finids in those spaces Mdiich 
are occupied by the air-cells, and by the rarclaction of the con- 
tained air from tlie heat of the bodv. 
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vVgreeably to this view of the function of the air-cells, it is 
foiiiul that the quantity of air admitted into the systein is in pro- 
portion to the rapidity and continuance of the bird’s flight ; and, 
Avhore it is limited, the air is distributed to those members which 
arc most employed in locomotion ; thus the air is admitted into 
the wing-bones of the Owl, but not into the fcinur; while in the 
Ostrich the air penetrates the femur, but not the humcruS or other 
bones of tlie wing. 

A fourth use of tlic air-receptacl<?ft relates to tlie mechanical 
assistance which they afford to the muscles of the wings, 
was suggested by observing that an inflation of the air-cells in a 
Gigantic Crane {Ciconia A rffalci) was followed by an extension 
of the wings, as the air found its way along the brachial and anti- 
hrachial cells. In large birds, therefore, wbicli, like the Argala, 
liover with a sailing motion for a long-continued period in the 
iip])er regions of the air, the muscular exertion of keeping the 
Avings outstretched will be lessened by the tcudcncy of tlie dis- 
tended air-(!ells to maintain that condition. It is not meant to 
advance this as other than a secondary and probably partial 
service of the air-cells. In the same light may be regarded tlie 

use assigned to them by Hunter, of eontribiiting to vsustain the 
song of* Girds, and to impart to it tone and strength. It is no 
argument against this function that the air-cells exist in birds 
Avhicli arc not provided Avith the mechanism necessary to produce 
linierul notes; since it Avas not ])retended tliiit this was the ex- 
(‘lusi vc and only oilice of the air-cells. 

§ 158. Air-passar/es in JJinls , — The air-passages in Birds eom- 
inencc l)y a siiiqilc mperior lajynx, from Avhieh a long trnrhra 
extends to the anterior aperture of the thorax, Avhere it divides 
into the two hronchi, one to each lung. At the place of its divi- 
sion there exists, in most bii-ds, a complicated mechanism of bones 
and cartilages moved by appropriate muscles, and constituting the 
true organ of A oice : this part is termed the inferior lari/ux, 

"fhc tendeney to ossification, Avhiidi is exemplified in tlui bony 
eoiidition of the sternal ribs and tendons of the muscles, is again 
manifested in the framcAvork of the larynx and the rings of the 
trachea, Avhich, instead of being cartilaginous, as in Ileptilcs and 
Mammals, are in most birds of a bony texture. 

The superior larynx, figs. 73, e — A, 99, and 100, is situated be- 
hind the foot of the tongue, and rests ii])on the ui'ohyal, fig. 73, -la, 
to Avhlch it is attached by dense cellular texture. 

It is composed of several bony and cartilaginous ])icccs, varying 
m iiumlior froin four to ten. The largest of these pieces constitutes 
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the anterior part of the larynx. It is of an oval or triangular 
form, according as its superior termination is more or le^ pointed, 
and answers to the thyroid cartilage, fig. 73,/. The cricoid car- 
tilage is represented by three osseous pieces, wliicli arc situated at 
the posterior and inferior part of the upper larynx ; the middle 
one, fig. 73 ,^ 1 /, is of an oblong fonn, and varies in size, being larger 
than the hiteral ones in the Anatidai, but smaller in the Cantorcs, 
The lateral pieces are connected at one extremity with the thyroid 
piece, and at the other to the middle oblong piece above described, 
which completes the circle of the laryngeal framewoi'k posteriorly ; 
the first two incomplete tracheal rings, ib. may represent the 
anterior part of the cricoid. The arytenoid bones, ib. A, rest upon 
the middle oblong portion of the cricoid, and extend forward, 
being connected at their outer edge by means of elastic cellular 
substance to the thyroid, and attached by their anterior extremities 



to the urohyal by means of two small ligaments : tlicy form, by 
their inner margins, the rima glottidls or laryngeal fissure. 

This fissure, fig. 51, ?, being thus bounded by inflexible rigid 
substances, is only susceptible of having its lateral diameter varied 
according to the degrees of separation or approximation to which 
the arytenoid bones are subject. These different states arc pro- 
duced by appropri'.ite muscles, one pair of which may be regarded 
as Thyreo-arjjtenoidei, and the other may be termed Constrictores 
ghttidis. The former, fig. 99, k, A, arise from the sides and posterior 
surfixcc of the thyroid, and are inserted into the wlnde length of the 
inner edge of the arytenoids, which they draw outward, and conse- 
quently open the laryngeal fissure. The Constrictores glottidis in 
the Gigantic Crane arise from the middle of tlie internal or posterior 
surface of the thyroid, and arc inserted into the arytenoids: they 
close the laryngeal opening with such accuracy as to supersede the 
necessity of an epiglottis. From the simplicity of the structure 
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just described, from the situation of the superior larynx with rela- 
tion to tlie rictus or gape of tlie bill, and from the absence of lips 
by which this might be partially or entirely closed, it is plain that 
it cannot be considered as influencing tlie voice, otherwise than by 
dividing or articulating the notes after they arc formed by the 
lower larynx. The superior larynx presents, indeed, but few 
varieties in the different species of Birds; and these reUite chiefly 
to certain tubereJes in its anterior, which vary in number, and do 
not exist at all in some species, as thc"Singing Birds ; being chiefly 
present in those birds which have a rough unmusical voice. In the 
Pelican, the Gigantic Crane, and most of the Rasores^ a process 
extends backward into the cavity of the ujiper larynx from the 
middle of the posterior surface of the thyroid cartilage, and seems 
destined to give additional protection to the air-passage. 

The trachea^ figs. 93, 94, G, is proportionally longer, in conse- 
(pience of the length of the neck in Birds, than in any other class 
of animals, its length being further increased in many species by 
convolutions varying in extent and complexity. A sjiecies of 
Sloth among Mammals, and a species of 

Crocodile ( Crocodilus acutus) among Rejitiles, present an analo- 
gous folding of the tracliea. 

The trachea is comj)()sed in Bij’ds of a series of bony, and some- 
times, as in the Ostrich, of cartilaginous rings, included between 
two membranes. In those cases in which they arc of a bony 
structure, the ossification is observed to commence at the anterior 
])aTt of each ring, and gradually to extend on botli sides to the 
op])ositc part. 

The Irachcal rings, whether bony or cartilaginous, are, with 
tlie exception of tlie two uppermost, always complete, and not, as 
in most quadrupeds, wlicre the wdndpipc bears a different relation 
to the organ of voice, deficient posteriorly. They differ in shape, 
being sometimes more or less compressed. They are generally of 
uniform breadth, but in some species arc alternately narrower at 
certain ])arts of their circumfcrciurc and broader at others, and in 
these cases the rings arc generally closely ap|)roxiinated together, 
and, as it were, locked into one another. I'his structure is most 
common in the GraUntorefi, where the rings are broadest altcrnalely 
oil the riglit and left sides. 

AVith respect to the diameter of the tracheal rings, this may 
sometimes ))e pretty nniform throughout, and the trachea will con- 
secpiently be cylindrical, as in the Cnntores, the Grallatores which 
have a shrill voice, the females of the Natatorrs-^ and most Raptores 
and Rasorcs • or the rings may gradually decrease in diameter, 
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fi)rming a conical traclioa, as in tlic Turkey, tlic Heron, llic llnz- 
zard, the Eagle, the Connoraiit, and the Gaiiiict; or tliey may b(?- 
eonic Avidcr by degrees to tlie middle of the trachea, and aftorwaid 
contract again to the inferior larynx ; or lastly, they may experience 
sudden dilatations for a short extent of the trachea ; the Oolden-cyc 
{Anas rlauf/nlff), the Velvet-duck (Anas fusea), and the Mei-ganser 
(Menjus* serrat()r\ present a single enlargement of tliis kind, in 
which the bony rings arc entire, and of the same texture as in the 
rest of the tube. In the Goldcn-cyc the trachea is four times 
larger at the dilatation tliau at any other i)art. In the Goosander 
{Mer(/us mcr(/nnser), the trachea ])i*csents two sudden dilatations 
of’ a similar structure to that above described. The trachea of the 
Emeu {Dromalus aUr) is also remarkable for a sudden dilatation, 
but in this instance the cartilaginous rings do not preserve their 
integrity at the dilated part, but arc wanting posteriorly, where 
the tube is completed by the expanded membranes only. 

With regard to the windings of the windpii)C, in an Australian 
Snipe {.H/if/nchcm australis), the convolutions, which are short, 
are external to the chest, between the vskin and the fore part oi* 
the pectoral musedcs. In tlic same position lie the long double 
coils of the windpi|)C in the Semijialmate Goose (Anas seini- 
pulniata), and the long single fold in Ortalida Parrafjua, In the 
Crested I^intado (Numlda vrhtata), the apex of the furcnhim 
forms a bony cup which receives a loop of tlie trachea. In the 
crestless Guau (Penelope Mirail), the Demoiselle (dr us virr/o), 
and Stanley Crane Stanley anus), the trachea forms a curve 

sinking into th’c upper and fore part of the sternum. In the com- 
mon Crane (Grus rincrea), and Seraas Crane (Grus Antiyone), the 
keel of the sternum is more deeply hollowed for the lodgment of 
more extensive coils of tlie trachea. In the male wild Swan 
(Cyymis ferus), the windpipe describes a double vertical coil 
within the long and deep keel of the sternum : in Bewick’s Swan 
( Cyynus Bewudiu), the distal part of the coil lies horizontally 
within the body of the sternum: the entry and exit of the intra- 
sternal coils arc shown in fig. 101. 

§ 159. Lower Larynx in Birds, — The main or essential organ 
of voice is situated at the bifurcation of the tracliea, ib. a, into 
the bronehi, ib. b, h; and herein may be discerned aii analogous 
relation to conv enient stowage, which the position of the mas- 
ticatory aiiparatus shows : for even the muscles of the organs 
(»f voice alid the bony drum of. the larynx, &c., are brought 
beneath the centre of gravity, at the base of the neck, not accii- 
muhited at its anterior extremity. In general the rings of the 
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are incomplete. In the King- Vulture the entire rings 
are continued a little way along the bronchial diviisions of tlie 
trachea, without any modifications, external or internal, indicative 
of a laryngeal structure. The same may be seen in the Ostrich, 
wdicre the bronchi are provided with entire slender rings rapidly 
diminishing in size as they approach the lungs: but the, terminal 
rings of the trachea ai^ thickened and protrude outward, forming 
a cavity on each side, tlic 
lining substance of which 
projects into the area of the 
tube above the commence- 
ment of each bronclius.’ 

In most J3irds the bron- 
chi, figs. 85, 101, 

are straight, compressed, 
and easily lacerable tubes, 
strengthened by half-rings 
on the outer side, the inner 
side being formed by a mem- 
brane (‘ membrana tympani- 
formis ’). Usually tlie bronchi rai>idly contract as they ai)pr()ao.h 
the lungs. , 

The muscles ol‘ the trachea are the ^ sterno-tracliealcs,’ fig, 101, 
f/, along pair, arising from the costal processes of the sternum and 
converging to ascend along the sides of the windpipe. To these 
arc sometimes added a second pair from the furculum, called 
‘ cleido-tracheales.’ In Cicrsorcs and most Hamrea the sterno- 
tracheales alone arc present. In most Raptores fim\ Grallatorei^, a 
muscle, broncho- tracliealis, situated on each side of the lower part 
of the trachea, descends to be inserted into tlie first or second 
bronchial half-ring: in AlredotmA Capri niuUf ns it descends to the 
third half-ring ; in some of the Owls its insertion is J^till lower, 
and the degree of tension of the tympaniform membrane will be 
proportionally varied. In Cohrptcrus cristatics an azygos muscle 
occupies the anterior interspace of the broncho-tracheales.^ 

In other Vocal Birds there is a double glottis, usually produced 
by a bony bar, ^pessulus,’ ^os traiisversalc,’ fig. 102, wliicli 
traverses the lower end of the trachea from before backward : it 
supports ^a thin membrane which ascends into the tracheal area 
and, terminating there by a free concave margin, is called tlie 
" membrana semilunaris,’ ib. h. This is most developed in Singing 
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Birds^ and, being vibratile, forms an important part of their trilling 
vocal apparatus. The air passes on each side the membrana semi- 
lunaris and its sustaining bone to and from the bronchi and lungs. 
The walls of the lower larynx arc formed by modified rings and 
half-rings of the end of the trachea and beginning of the bronchi. 

The last ring of tlie traclica, fig. 103, t, 
usually expands as it descends, with its fore 
and hind parts produced, and the lower lateral 
borders concave : the extremities of the pes- 
sulus, fig. 102, /, abut against the produced 
angles, and expand to be there eonneeted, 
also, with the fore and hind terminations of 
the first half-nug of the bronchus, fig. 103, 
strengtheniug and clam ping together the 
up|)er parts of the vocal framework. Tl)c 
second bronchial half-ring, ib. />, is flattened 
and curved with the convexity outAvavd, 
like the first, but is more moveable. The 
tliird half-ring, ib. c, is less curved and fur- 
ther separated from the second, to the ex- 
tremities of which its own are connecteil by 
sidevi,nvof.«.ivji.von.,n'n ligamont, and, for the intervening extent, 
i-irynx, iiavoji. xxx'. mcmbranc ; its inner surface supports 

the fibrous chord or fold wliich forms the outer lip of the glottis of 
that side ; it is suscoj)tlblc of a rotatory movement on its axis, and 
is an important agent in the modulation of 
the voice. All the above parts, «, />, c, 
fig. 103, arc bony. The bronchial half'- 
rings and their connecting ligaments and 
membranes form the outer convex wall of 
the tube : tbe inner wall is a flat membrane, 
stretched like a drum-head, between the 
extremities of the half-rings, and attached 
above to the cross-bar, and through it to 
the semilunar membrane. The outer part 
of the lower tracheal and bronchial rings, 
being cut away in fig, 102, exposes the 
i.oweHa,inx.ua>;n. xxx ccntriU surfacc of tlic ‘membrana tympa- 
iiiformis,’ witli its upper connexions with 
the cross-bone i, and the ^membrana semilunaris,’ h. Part of 
the peripheral surface of the tympaniform membrane is seen in 
the front view of the lower larynx and bronchi, fig. 104, A, g* 
A small appendage to the inner margin of the half-ring, fig- 
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10 : 3 , by making a prominence where the external vocal fold Is 
continued over it, in the starling, thrush, nightingale, &c., has 
been called ^ arytenoid cartilage,’ from its analogy to that of the 
upper larynx of Mammals. The proper muscles of the lower 


larynx, as seen in the Raven, 
are shown in fig. 104, in front 
view A, and side view n. 

The muscle answering to 
the ^ tracheo-Iateralis ’ in ko- 
lihyres expands toward the 
lower end of the trachea and 
divides into two fasciculi 
wliich diverge, the one, /, to 
tlie fore, the other, to the 
back part of the bronchus, to 
bo inserted into the corre- 
sponding extremities of the 
third half-ring, fig. 104, c. 
The fasciculus, fig. 104, B,/, is 
the ^ broiicho-trachealis anti- 
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A front, B vh.-w <jf lowor Jarj iix, xxw 


ciis : ’ the fasciculus, Uy is the broncho-trachealls posticus. Beneatli 


this is a shoider muscle, ib. ft, the broncho-trachealis brevis, which 


is inserted into the posterior end of the second bronchial half- 


ring. 

The remaining two muscles are enlarged divisions or ditteren- 
tiated fasciculi of the common laryngeal muscle (K^hlkopfmuskel, 
Miiller*) of VoUtores: the ^ bronchialis posticus,’ ib. c, arising 
from the lower and lateral border of the last tracheal ring, swells 
into a Center,’ and contracts as it passes backward to be inserted 
into the hinder end of the second half-ring. The ‘ bronchialis 
anticus,’ ib. e, is partly covered by the ^ broncho-trachealis aiiticus,’ 
and is thick and vcntricQse : it arises from the last tracheal ring 
and passes forward to its insertion into the fore ends of the first 
and second half-rings and into the supplemental (arytenoid) car- 
tilage. 

All the foregoing muscles tend to tighten the whole or parts of 
the tympaniform membrane which is below their points of inser- 
tion, and to relax the part above the insertion. They lengthen 
the part of the bronchus below or beyond their insertion and 
shorten the part above, by approximating to the trachea the half- 
rings they are attached to. The chief antagonistic power is the 
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elasticity of tlic nienibranes so put on the strctcli : but tlicro is a 
direct ^rclaxor’ of the tympaniform membrane in the ^sterne- 
trachealis/ ib. d, which, passing from the side of the trachea to tlu* 
steriuim, shortens tlie wliole bronchus as it draws down the win<b 
pipe. This is the most constant of all the muscles affecting tlio 
lower larynx. It is reckoned by Savart as the sixth ])air of voc'al 
muscles, but not by Cuvier, since it is not directly attjichcd to 
feiiny ]>art of the lower larynx, and exists in Birds, as, e. g., the 
Vulture and Ostrich, in which that larynx is not developed. 

The manifold wayvS and degrees in which the several parts of 
the complex vocal organ in CmiUrres may be affected, each of the 
j>rincipal bony half-rings, as one or other end may be ])nlled, being 
made to perforin a slight rotatory motion, are incalculable: but 
their effects arc delightfully a])preciable by the rapt risteuer to 
the singularly varied kind and quality of notes trilled forth in the 
stillness of gloom by the iSlghtingalc. 

In many of the Volitores there is a single pair of ^ broicho- 
tracheales,’ and a single pair of sliort ventricose ‘ broncliiales.’ 1 n 
ThamnophUffS each sterno-t radical is bifnrcales to scud a small strip 
to tlie lower larynx, and the rest to the side of the trachea, as 
usual. Ill Furttaria the stcriio-trachcalis is inserted into the 


upper end of a long aiipendagc to the upper brouclual half-ring. 

The Parrot tribe have a single glottis bounded by a lateral pair 
of vibratilc membranes ; each membrane, connecting 
lo'i together, ari<l occupying the inters|>ac-e behveen, the 
la^t tracheal and first bronchial half-rings. Tliese 
j. have each one margin* concave, with tlie concavity 
ji turned towards eadi other, and are mo veably joined 
together at their fore and hind extremities. These 
half-rings oxjmnd, and stand out from the end of the 
trachea. A narrow muscle, ^tensor longus gloitidis, 
fig* Iff 5, a, passes from th<i side of the trachea to the 
W upper (tracheal) lialf-ring^ and, by raising it, makes 


tense tlie elliptical elastic membrane : a broader ^ ten- 
sor brevis glottldis,’ ib. b, ])asses from the lower rings 
of the trachea to the same half-ring, diverging to 
its extremities : a third narrow muscle passes from the tracheal 


to the bronchial half-rings, iK c, and, by ajiproximating them, 
relaxes the membrane occupying the elliptical interspace^. Tliese 
membrarj^* projecting on each side into or below the termi-* 
nation of^hc air-tube, leave a naiTow chink between them, 


through which the air passes to and from the lungs; and when, 
in forcible expiration, the membranes are put into a sufficient 
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state of tension, they vibrate, and the voeal air is driven along 
tlie trachea tlirough the upper larynx, where some modification 
of sound may be made. The tongue of the PaiTot is more fleshy 

lOG 



Lower ; a, right sI'Je ; u, left -lido. Mergns ,v rrolor. ceexx. 

lhan in most Birds. These structures, concomitant witli the 
single glottis and jiair of vocal folds in the lower or true larynx, 
relate to the faculty, so remarkable 
in these singular birds, of imitating 
human speech. 

In the males of the Mergansers 
and of most Ducks a certain numher 
of the terminal rings of the trachea 
are av elded together and expanded 
into an irregular bony case, diAuded 
into two unequal cavities. In the 
Mcr^us serrntor^ fig. 106 ^ the broad 
‘ l)cssuliis,’/, loaves a pasSag^^ at its ^ 
n[)j)er part, Z>, by Avhich the air from 
the right bronchus,/, can pass to and 
b'oni the tracliea, e ; part of the outer 
wall of the right laryngeal chamber 
IS formed by membrane, h : tliis 
chamber is extended by tlie osseous 
cavity, <7. A similar but SOmCAvhat Mems Merganser, ceexx. 

inore complex loAver larynx exists in ihe male Anas clamjtda. 
Dicse modifications relate to the poAver rather than to tlie variety 
ol the voice. 

VOL. II. 
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CHAPTEll XXL 

tIRINARY SYSTICM OF BIRDS. 

§ 1 60. Kidneys of Birds , — The urinary excretion is early pro- 
vided for in the bird : about the third day of incubation a series 
of short parallel ciccal tubes, fig. 108, c, are developed in the 
blastema beneath the vertebral column, and pass transversely to 
a longitudinal canal, ib. d^ which conveys the excretion to the 
cloaca. These are the ])rimordlal or transitory kidneys. Behind 
them subsequently appear the secondary or persistent kidneys, ib. 
(ly together with the genital glands, ib. c, and adrenals, ib. /*. The 
j)roper ducts of the kidneys, or ureters, ib. 
hy soon follow the appearance of the true 
renal tissue, and as this proceeds in its dc- 
velopoment, the primordial glands disappear, 
or yield up their duct and a remnant of their 
tissue to form the epididymis and vas deferens 
in the male. 

In the mature bird the urinary system 
consists of the kidneys, ureters, and a more 
or h?ss incomplete urinary receptacle. 

As in Reptiles the kidney is distinguisluHl 
from that of the Mammal by the homogeneity 
of its substance, which is not divided into a 
cortical and medullary part, and by the tub id i 
uriniferi extending to the surface of the gland 
there to form by reiterated unions the ureter, 
and not terminating in a cavity or pelvis in 
the interior of the kidney, from which the ureter commences- 
"riie huhiPi/Sy fig. 85, x, arc two in number, of an elongated 
form, commencing immediately below the lungs, and extending 
along the sides of the spine as far as the termination of the rectum ; 
in which course they arc im])actcd in, and as it were mouldcd'to, 
the cavities and de])ressions of the pelvis. From this fixed con- 
dition it r,esuits that they are generally symmetrical in position, 
not placed one higher than the other, as in the Mammalia. The 
posterior surface of the kidney i)resents inequalities corresponding 
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to the risings and (leprcssions of tlie jielvis; the anterior surface is 
smoothly convex or flattened ; but rising into a series of pronii- 
nenees wliich coiTes])ond, not to the eminences, but to the cavities 
of the I)ones on 'vvliich they rest ; their inner or mesial side is 
generally pretty regular and straight, but the (external edge is 
im)rc or less notched. They are relatively larger thaq in most 
Mammals; resembling in this res})ect the kidneys of Whales and 
of the cold-blooded Ovipara, Avherc ^here is no persj)iration from 
the skin. 

The kidneys vary in size in dilfcrcnt birds, being, for example, 
smaller in most of the Grnllatores^ as the Ibistard and Heron, 
Avherc the pelvis is short, than in the llasorial Order, in Avhicdi it 
is of great extent. Where they are short they are in general 
more ])roinincnt, and this is so remarkable in some Birds, as the 
Owls, that in them they resemble .somewhat in their superficial 
position the kidneys of Mammals. 

As might be cx])ected from their relations to the pelvis, the 
kidneys in Birds present av« many varieties of outn ard configuration 
as there are differences in the part of the skeleton to whicdi they 
.‘ire moulded. In some Aquatic Birds, as the Grebe and 

the Coot (F/J/cv/), the kidneys are more or less blended together 
at their Ioavci* extremities, as in most Fishes: in Coh/rnhns the 
extent of the union is greater ; hr Platalea tliey have l)eon obvserved 
to he joined by a middle band. In the rest of the class they are 
distinct from one another. 

The principal lobes arc in general three in number : the anterior 
or highest one is, in some cases, the largest; Avhile in others, 
as the Pelican, tlie contrary obtains, the lowest division being 
most developed in this bird. In the Ter?i each kidney is diA lded 
by fissures into seven or eight square-shaped lobes: in iha Jun/le 
tiiey each present finir divisions; but in these cases tlnn'c are not 
distinct ureters to each lobe as in the subdivided kidneys of 
^bmnnals. In the Emeu {Dremaius ater) the kidney j)resents only 
two lohes; the supci’ior or anterior one is the broadest and most 
prominent, being of a rouncled figure, and ctmstituting one-third of 
tlie whole ; the lower division is flattened, and gradually tapers to 
a point. In one specimen I found the left kidney halt* an inch 
longer than the riglit. In the small Cantorvs the exposed super- 
ficies of tjic kidney is rarely lobular. 

Each kidney is invested by its proper capsule, a thin membrane, 
'vhich also extends into the substance of the gland, lietwecn its 
divisions: a layer of peritoneum is reflected over their anterior 
s^urfacfs. 
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The texture of the kidneys is much more frail than in Mammalia, 
readily yielding under the pressure of the finger, to which they 
give a granular sensation as their substance is tom asunder. 

Ill colour they resemble the human spleen. Besides being 
divided into lobes, the surface of the kidneys may be observed to 
be comjiosed of innumerable small lobules, sc])arated by continuous 
gyrations like the convolutions of the cerebral substance. 

The tidnili uriniferi originate from every part of the internal 
substance of the lobules, extending to the gyrations, uniting in the 
innnatifid form, and (‘oursing to tlie margins of the lobules, all the 
inflexions of which they follow. The pinnatifid ramification of 
the uriniferous tubules is sometimes ^ ()])posite,’ sometimes ‘ alter- 
nate,’ sometimes the branches are simple, someliines dicliotomously 
divided ; but those rainuli ap}>car scarcely smaller than the branches 
from Avhicb they spring, and never intercommunicate.* Tlie 
uriniferous ducts from the convoluted lobules nnltc dichotoinoiisly, 
and iiltiinatcly escape by a single duct — the ureter. 

Tfie artei ies and veins of the kidneys have already been described. 
VVlierc the entire stream of tlie venous blood is not sent to the 
lungs, but part is diverted to the arterial system, then also a portion 
of the venous blood eirculates through the kidneys lieforc it reaches 
the licart ; but in Birds, Avliere not only the wli(>lo venous current 
is sent to the lungs, but Avith peculiar energy and frequency, sucli 
vicarious office of I’cnioving etfetc particles (iirectly from the venous 
blood is not required. A certain retention of the oviparous tvpcj 
in the appare\it entry of veins into the lower ends of the kidneys 
is shown, but a renijM)rtal vein docs not exist: tlie connection of 
the loAvcr veins coming from the kidneys Avlth the iliaco-mesen- 
teric is of such a kind that the renal venous blood may floAV to 
the portal system of the liver Avheii tliat system and digestion -arc at 
Avork; or it may flow by the upper cmulgent veins to the inferior 
cava and so to the lungs, Avhen respiration is unusually active. 

The uralrr, figs. 8o, ?/, 108, b, is conthuicd doAvn along the 
anterior surface of ilic kidney toward the mesial side ; here and 
there imbedded in its siil)staiice, forming a series of dilatations 
corresponding to the prinei[)al lobes or enlargements of the gland, 
and receiving the branches of the tubuli uriniferi as it passes 
along. BcIoav the kidney the ureters pass behind the rectum, 
becoming connected to, and after a short distance involyed in, its 
coats ; they ultimately terminate upon valvular eminences in a 
depression at the loAver part of the urinary sac, ib. d\ the terminal 
papillas of the ureters are situated Avith the orifices of the genital 
. ’ cxxii. p. 92. 
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diiotSj intlie same segment of the cloaca, Avliich is therefore termed 
the urogenital cavity, fig. 109, e. 

The space intervening between the urogenital cavity and flic 
valvular terinination of tlie rectum, ib. c, forms a cavity more or 
less developed in different Birds, 
but always distinct in the smooth- 
ness of its lining membrane from 
the rectum, which has a more 
vascular and villous internal tu- 
nic. The Birds in which this ^ 
rudimental urinary ))ladder pre- 
sents the largest ca])acity arc tlic 
Owls, many of the Aquatic Birds, 
as the Pelican, Willock, Orcbe, 

Swan, &c. ; some of the Wading 
Oi*dcr, as the Bittern and Bus- 
tard, but more especially the Os- ^ 
trich, among the CfU'sorcs, in 
which the urinary rcce])ta(*lc is 
re])resentcd as laid open at d, fig. 

109. 

§ 161. Adrenals of Birds , — The adrenals, d^ d^ figs. 117, 127, are 
small bodies, usually of a bright yellow^ colour, situated on the 
mesial or inner side of the superior extremities of the kidneys; 
closely attaclicd to the coats of tJic contiguous large veins aiu] in 
contact with the testes in the male ; arid the left one adhering to 
the ovary in the female. They vary in shajic, being sometimes of 
a round, flattened, oval, or irregularly triangular figure. They are 
proportionally smaller thaTi in Mammals, being in the Goose each 
about the size of a pea. They arc sometimes confluent. 

They present, like the kidneys, a homogeneous texture through- 
out, and do not exhibit the alternate strata of dilfercnt-eoloured 
«ul)stanccs as in Mammalia. In the Gigantic Cram? w^o found the 
t('xture of the suprarenal glands to be coarsely fibrous; in the 
Hornbill they were granular, similar to the kidney ; in tlie Pelican 
they were of a gran id ar but more puljiy texture. 

There is no cavity in the suprarenal glands. The veins which 
return the blood from them arc of proportionally large size, as in 
all the parenchymatous bodies without excretf>ry ducts. The 
s^uprarenal glands have been found to present a slight enlargement 
oorresponding with the increased dcveloj)ement of the sexual organs. 
I heir relative size and position to the testes in the male embryo 
!tre shown at f fig. 108. 
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§ 162. Spleeyi of Birds . — The spleen, figs. 85, 87, .v, .9, is com- 
paratively of small size in Birds; it is generally of a round or 
oval figure, hut sometimes ])resents an elongated and vermiform 
shape, as in the Sea-Gull, or is broad and flat as in the Cormo- 
rant. It is situated beneath the liver, on tlie right side of the 
pro ventrioul us. It is, however, somewhat loos(ily connected to 
the sun'ounding parts, so that its position has been differently 
described by different authors. A process of the pancreas com- 
monly passes into close contact, and is conne(,*ted with the spleen 
by a continuation of vessels, as in the llornbill, fig. 87, (/, s. I’lie 
texture of the spleen is closer in Birds than in Mammals ; but a 
minute examinatioTi proves that the blood of the splenic artery is 
ultimately deposited in cells, from which the s])lenic veins arise. 
These veins in the Swan and some other J^amellirostres fonn a 
network on the exterior Biirfaco of the spleen, as in tlie Chclonian 
lleptiles. # 

In many Birds, as c.g. Vidturcs, Falcons, the Starling, Magpie, 
Heron, Bustard, and in most Aquatic Birds, two small bodies are 
found, one on each side of the trachea, very near the lower larynx 
^and frequently attached to the jugular veins. I'hey may l>e homu- 
logiies of the ‘ thyroid gland.’ Ju additior* to those there are two 
similar bodies, in the Gajinet, attached to the upper part of (he 
commencement of each bronchus. 

§ 163. Pecnlurr Secretions . — The unctuous Ihiid with which Birds 
lubricate their feathers is secreted by a gland situated above the 
eoccyx or uropygium. This gland consists of two lateral moieties 
con joined. As might be expected, it is largiist in the birds wbicli 
frc(|neat the water. In tlie Swan it is an incli and a half in length, 
and has a central cavity, Avhicli serves as a rece])tacle for the accu- 
mulated secretion. Each lateral portion is of a pyriform shape, 
and they are conjoined at the apices, wdiich are directed backw ard, 
and are jieilorated by numerous orifices, encircled in some birds 
l>y a crown of featliers. The longitudinal central cavities present 
numerous angular openings, in which there arc still smaller ori- 
fices of the secerning follicles. These consist of close-set almost 
])arallel straight tubules, extending to the supcrfieics of the gland, 
Avithout rnmifying or intercommunicating, and preserving an 
equable diameter to their blind extremities. The tubules arc 
longest at the thickest part of the gland, and become shorter and 
shorter toAvards the apex. 

The follicles to aa hich is due the peculiar odour of certain hiixh, 
as e. g. the Hoopoe, Muscovy Duck, Black Vulture, &c., are pro" 
bably someAvhat diffused on parts of the integumcntl 
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TEGCMKNTAUY SYSTEM OE BIRDS. 

§ 164. Composition of the Tefjnmeut. — TIiIkS is composed, as In 
Mammalia and licptilia, of the coriiim or derm, the epiderm and 
its appendages, and an intennediate layer of unhardeued o])iderm 
with colouring matter, called ^rctc mucosnm.’ 

The coriurny or true skin, is very thin and lacerahlc, but vascular. 
Ill some Birds it adheres to the subcutaneous . muscles by cellular 
tissue, is frecjucntly the scat of accumulation of dense 

yellow fat. In the Penguin the layer of subcutaneous cellular 
tissue adheres to the coriuin, but is separated from the muscles, 
and has a smooth internal surface: long vessels, like threads, 
connect this layer to the muscles. The skin is moved by muscles 
Avhich at the same time raise and ruffle the jiluinagc which it 
supports. In most Birds the skin is more or less separated from the 
muscles of the trunk by the interposed air-cells ; as in the Batra- 
chians it is by the lymph receptacles. It adheres, however, to a 
larger proportion of the osseous system than in other classes ; as, 
e. g., to the upper and lower jaws, tlie feet and part of the tibiic, 
the pinion bones. The corium has extensions beyontl the covering 
of the body, to form the 'vvebs for swimming and the broader folds 
at the axillie and bend of the arm for flight : it dcvelopes the 
papilhe beneath the toes, the vascular comb and wattles of the 
Cock, the caruncle and pendent ornaments of th(> "^Ihirkcy, ike. 

The rate miicosum rarely contains any colouring matter where 
the feathers grow ; at this part the skin is of a |)ale grcyisli colour, 
or pink, from the colour of the blood which circulates in it. But 
in the naked parts of the integument, as the cire, the lore, 1 he 
comb, the wattles, the naked parts of the head and neck in some 
Birds, and the tarsi and toes, the rete mucosum frcqiicntl\ glows 
with the richest crimson, orjinge, purple, green, black, and a variety 
of other tints, of W'hicli the planches cohriees and the different 
zoological monographs of geographical groups and families of Ihrds 
afford numerous examples.' 

* Amongst these merit highest mention the works of our countryman Gould on 
the Birds of Australia, Europe, Asia, Great Britaiin, &c. ; and his magnilicent mono- 
graphs on the Humming-Birds, Trogons, and Toucans. 
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The epiderm is iii sonic places continued as a simple layer over 
the corlum, following its wrinkles and folds, as around the naked 
necks of some Vultures. It is moulded upon the bony mandibles 
to form the beak, and in some liirds adheres to osseous pro- 
tuberances on the cranium, wliere it forms a species of horn ; and 
it is remarkable tliat these instances occur cliiefly in those orders of 
Birds, the Cur sores and which arc most analogous to the 

Ruminant ia among quadrupeds : the Cassowary and Ilchneted 
Curassow arc examples. The Hornhills are, however, instances 
in the V^olitorial, and the Kamichi in the Grallatorial Order, The 
cuticle is sometimes developed into spines or spurs, as upon the 
wing of the Snake Vvdture, Cassowary, Pahimedea ; and upon the 

leg of many Gallinaceous Birds. 
The claws which sheath the 
nnguial phalanges of the feet 
assume various forms adapted to 
the haliits and manner of life of 
the different orders. A remark- 
able ariifieial form is given to the 
claw of the middle too in certain 
Birds; the inner edge being pro- 
duced and divided into small 
parallel processes like the close- 
set teeth of a coinl), fig. 110. 
These teeth arc not reflected or 
recurved, as they might be ex- 
pected to be, if they had hecn intended to serve as holders of a 
slippery prey, hut arc either placed at rigid angles to the claw or 
are inclined tOAvards its point. The Common Barn-Owl {^Strix 
Jiammea)^ the Night-jar genus {CaprunHlfjus\ the Heron and 
Bittern kind (^Ardeldre, V^ig.), afford examples of this structure; 
and as each species of bird appears to be infested by its peculiar 
louse (A7rww.s'), the solution of the final intention of so singular a 
contrivance, which is limited to so few s]>ccies, and these of such 
different habits, may yet be afforded by tlie entomologist. 

With respect to the scales which defend the naked parts of the 
legs of birds, they do not differ from those of lleptiles. Their 
form and disposition, as has been already observed, have afforded 
distinctive ( haracters to the zoologist. In most of the Eaptores^ 
the Psittavulm^ the Basores^ the Grallatores^ and the Natatores^ the 
scales are polygonal, small, and disposed in a reticulate form; the 
birds so charaetei'ised formed the Retipedcs of Scopoli. In the 
rest of the class the tarsi arc covered anteriorly with: unequal 
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scmi-annular scales, ending on each side in a longitudinal furrow, 
and these birds he termed the Scutipedes. In one section of the 
Tyrannic Cuv., the scuta surround the tarsi as complete I’ings. 
Wlicre the carneous parts of the muscles arc contliiiied low down 
upon the legs, as in the Owls, a covering of feathers Is co-extended 
to preserve their temperature. 

§ 16.'5. Apptmdafjes of the TeijumenL — The Vert(ibra*tc classes 
have each their characteristic external covering: the cold-blooded 
Ovipara are naked, or their externar surface is delended only by 
hard scales oi* plates {fiquanue and acuta ) ; but tlic warni-bloodcd 
classes rcMtuire to be invested by an iniegument better adapted to 
maintain tlm high degree of temperature 


peculiar to them: hence quadru])eds are 
clothed with fur and hair, and birds with 
down and feathers. 

Feathers are the most complicated of 
all the modifications of the epidermic 
system, and are quite peculiar to the class 
of Jjirds. They are proverbially light; 
and, as the cloqiumt Paley well ol)se)‘ves, 
every teatlier is a meclianical wonder ; ’ 

‘ their dis[>ositIon, all inclined backward, 
the down about tlic stem, tlie overlapping 
of their tips, their different configuration 
ill ditterent parts, not to mention tlie 
variety of their colours, constitute a vest- 
ment for the body so beautiful, and so 
appro])riate to the life which the animal is 
to load, as that, I tliink, we should have 
had no conce])tioii of anything ecjually 
perfect, if we had never seen it, or can 
iiow' imagine anything more so.’ ^ 

Notwithstanding the varieties of size. 
Consistence, and colour, all feathers are 
composed of a quill or barrel, fig, 111,«, 
a abaft, h, b, and a vane or beard, c, c; 
the vane consists of barba, fig. 112, <?, and 
barbulea, ff. 

The quill (^calamus), by which the fea- 
ther is attached to the skin, is larger and 


in 



shorter than the shaft, 


IS nearly cylindrical in form and semi-transparent ; it possesses 
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in an eminent degree the opposite cpialitics of strength and light- 
ness. It terminates below in a more or less obtuse extremity, 
which is pierced by an orifice tenned the lower umbilicus, fig. Ill, 
<?; a second orifice, leading into the interior of the quill, is 
situated at the opposite end, at the point at which the two lateral 
series of barbs meet and unite ; this is termed the upper umbilicus, 
ib. /I Tfie cavity of the quill contains a series of conical cap- 
sules fitted one upon the other, and united together by a central 
pedicle. 

The shaft (scajnis) is more or less quadrilateral, and gradually 
diminishes in size from the iipj)er umbilicus to its distal extremity. 
It is always slightly bent, and the concave side is divided into two 
surfa(,‘es by a middle longitudinal line continued from the upper um- 
bilicus; this is the internal 
surface, fig. 1 1 2, c. The op- 
posite, or external surface, 
ib. b, is smooth, and slightly 
I’ounded ; both sides are 
covered with a horny niato- 
1 ‘ial similar to that of which 
the quill is formed, and 
they inclose a peculiar white 
soft elastic substance, called 
the pith, ib. a. 

Hie barbs are at- 

tached to the sides of the 
shaft near the external sur- 
face, and consist of lamime, 
varying as to thickness, breadth, and length. They arc arranged 
witli their flat sides ton ard each other, and their margins in the 
direction of the external and internal sides of the feather ; conse- 
quently they present a considerable resistance to being bent out 
of the vane’s plane, although readily yielding to any force acting 
upon themselves in the line of the stem: (e, e, fig. 112, are the 
bases of two barbs of a feather magnified). The barbules {rndii, 
hamuli), ib. /, f, are given off from either side of the thicker 
margin of the barbs, and arc sometimes similarly barbed them- 
selves, as may be seen in the barbules of the great feathers of the 
Peacock’s tail. In these feathers and in the plumes of tlia Ostrich, 
the barbules arc long and loose ; but more commonly they are 
short and close-set, and by their form and disposition constitute 
the mechanism by which the barbs arc united together. The 
barbules arising from the upper side of the barb, or that next the 
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extremity of the feather, are curved downward or toward the 
internal surface of the shaft ; those wliicli arise from the under side 
of the barb are curved in the contrary direction : so tliat the two 
adjoining series of hooked barbulcs lock into one another in a 
mariner which has been compared to the fastening of a latch of a 
door into the catch of the door-post. There is much complicated 
variety in tlic interlocking mechanism here generally explained. 

besides the parts wliich constitiite the perfect feather, tliere is 
an appendage attached to the upper mnbi liens, called the accessory 
plume (Jiijporachiii), It is usually a small downy tuft, but varies 
both in diflerent sjrccies, and even in tlie feathers of different 
pjirts of the body of the same bird. In the cpi ill-feathers of the 
wings and tail, it retains the state of a small tiift of down ; hut in 
the body -feathers of Hawks, Grouse, Ducks, Gulls, &c., it is to be 
found of all sizes, sometimes equal to that of the feather from which 
it is j)i’0(lu(*ed. 

in the Ostrich and Ajitcryx the feathers have no accessory 
])lumc ; in the Ilhca it is represented by a tuft of down ; in the 
Kmeu it rivals in size and structure the original feather; and in 
the Cassowary, besides the double feather, theire is a second ac- 
cessory ])liimc, so that the quill supports tliree distinct shafts and 
vanes. 

The feathers vary in form indifferent parts of the bird accord- 
ing to their functions, and afford zoological characters for the dis- 
liiKdion of species; they have, therefore, received in Ornithology 
(listiiKJt names. The ordinary imbricated featbers AA'hich cover the 
body are called ^ clothing feathers the larger ones for special uses, 
‘ quill-feathers.’ Tliosc whi(*h surround or cover the extcriud open- 
ing of the ear are termed the ^ auriculars.’ Those Avhicli lie above 
the scapula and humerus arc called tlie ^ scapulars.’ The small 
leathers which lie in several rows n])on the hones of the anti- 
l)ra(*.hiuin are called the ‘ lesser coverts ’ {tectnees prbnce). Those 
which line the under or inner side of the wings arc the ^ under 
coverts.’ The feathers which lie immediately over the qnill- 
leathers arc the ^ greater coverts ’ {tectrices sccmidai). The ([ulll- 
feathers supported by the wings .are the ^ remigeSy* or ‘rowing 
leathers.’ The lai’gcst of these remiges, which arise from tlie bones 
of the hand, arc termed the ‘primaries’ (^primores). Those winch 
rise fron;^ the ulna, towards its distal end, arc the ‘secondaries’ 
(sfumndarm). Those which arc .attached to its proximal extremity 
are the ‘ terti«aries ’ {tertlarice). These in some lairds, as the AVood- 
(‘ock and Snipe, are so long as to give them the appearance, wlien 
flying, of having four wings. The quill-feathers which grow 
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from the phalanx representing the index, form what is termed the 
bastard Aviiig (^Lilula spuria). Those forming what is called the 
^ tail ’ of the bird, and supported by the coccyx, arc the ^ rectrices^^ 
or steering quills. The overlying feathers are the ^ tail-coverts ’ 
{ca.h/pteria)\ these bear the ornamental ^ eyes’ and arc so developed 
in tlie Peacock as to form what is called the ^tail’ or ^ train’ of 
tliat gorgeous bird. 

In considering the structures Avhicli determine the pow ers of 
flight in difterent Birds, it is necessary to take into account the 
texture, forms, and pro]>ortions of the Aving-fcathers, as well as 
the devclopcment of the ])oncs and muscles wlilcli support and 
move them; as much depends upon the nicchanical advantages 
resulting from the shape of the expanded wing. When the 
primary quill- feathers gradually increase in length as they arc 
situated nearer the extremity of tlic j>inion, they give rise to the 
acuminated form of wdng, as in the Swifts and llumniing-Birds, in 
which tlie first primary is the longest; and in the true Falcons, 
in wdiich the second primary is tlie longest. In the Hawks the 
wing is of a less advantageous form, in couscqiience of the fourth 
primary being the longest. When the primaries gradually decrease 
in length towards the end of the pinion, they give rise to a short 
rounded form of wing, sucdi as characterises the Gallinaceous Order; 
in Avhich, although the ])Cctoral muscles arc immensely dev(do[)cd 
in order to counteract tlie disadvantage resulting from the dispo- 
sition of the jirlmaries, yet they are only able, in consequence of 
the form of the wing, to carry the bird rapidly forward for a coni- 
paratively short distance, and that with an exertion and vibratory 
noise Avell known to cv(M*y sportsman. 

The texture of the quill-feathers has also a material effect on 
tlie powers of flight. In the Falcons each primary quill-feather is 
elongated, narrow, and gradually tapers to a point ; the webs arc 
entire, and the barbs closely and firmly connected together.^ In 
the OavIs the plumage is loose and soft, filaments from the barbules 
extend upon the outer surface of the vane, and one edge of the 
primaries is serrated ; so that, Avhile they arc debarred from 
so swift a flight as the IJaAvk, they arc enabled, by the same 
mechanism, to Aving their Avay Avithout noise, and steal unlieard 
upon their ])rcy. 

§ 166 . Developemeiit of Feathers,- — The first covering of^the bird 

* Of so much consequence arc tlie quill-feathers to the Falcons, that when any of 
them are broken the llipfht is injured and the adconers find it necessary to repair 
them ; for this purpose they are always provided with perfect pinion and tail fea- 
thera regularly numbered. 
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is a partial and temporary one, consisting of fasciculi of long fila- 
ments of dowii, which on their first appearance are enveloped in 
a thin sheath, but this soon crumbles away after being exposed to 
the atmosjdierc. The down-fasciculi, which diverge eacli from a 
small quill, are succeeded by the feathers, which they guide as it 
were through the skin ; and after the first [diimage, at each suc- 
ceeding moult, the old feathers serve as the ‘gubernacula’ to those 
which are to follow. It is to be observed that feathers do not grow 
equally from every part of a surfiice of a bird; they are not 
developed, fi>r example, at those parts which are subject to friction 
from the movements of the wings and legs. They first a])pcar in 
clum])S upon the parts of the skin which are least affected thereby, 
as, e, g., u])on the head, along the spine, u[M)n the exterior surface 
of the extremities, at the sides of the projecting sternum and of 
the abdomen. 
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In fig. 1 13, ITunter ^ designates them as follows: ‘ cranial 

clump’ (^ptcryla cftjntis, Nitzscli); //, ‘ j>osterlor cervical’ and 
‘dorsal clum])S ’ {pt spinalis , ? ^^5 ‘bimb^ir clumps ’ Qjt fhnoralas 

(urnhaks, N.); c, ‘brachial clumps’ {pt, humaraks, \.); /, 
‘ autibi-achial,’ and //, ‘ carjial clumps’ {pt, alarum^ N.); y, 
‘ femoral clumps ’ {pt, cruraks^ N.) ; n, the ‘ anterior cervical,’ and 
‘ pectoral clumps ’ {pt, colli laterales, X.) ; />, ‘abdominal clumps ’ 
(pt, r/astra:i, X.), &e. Nitzscli- illustrates the affinities of Hirds 
by the characters of the ‘ pteryhe,’ exhaustively followed out in 
Liv. 

The matrix, or organ by wliicli the jicrfect feather is produced, 
has the form of an elongated cylindrical cone, and consists of a 

XX. vol. iii. p. 311. 
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capsule, a bulb, and intermediate' membranes which mould the 
secretion of the bulb into its appropriate form. ^ The matrix is at 
first an extremely minute cone, attached by a filamentary process 
to a follicle * 01 ’ papilla of the skin ; but it is not a developemcnt of 
that part, being of a different structure and adhering to it by a 
small paft only of its circumference. The matrix progressively 
increases iniength ; its base sinking deeply into the eoriuin, and 
acfpiiring a more extended connection by enlarged A'^essels and 
nerves, while its apex ]>rotrudcs to a greater or less extent from 
tlie surface of the integument, when the capsule drops off to give 
passage to the feather which it incloses, and the formation of which 
has, in the meanwhile, been gradually proceeding 
from the apex downward. The caj>siile of the 
matrix, «, fig. 114, is composed of several 
layers, the outermost of which is of the nature 
of epiderm; the inner ones arc more coTn]>aot 
and pulpy. The sides of the capsule which 
correspond to the outer and inner sides of the 
growing feather within are indicated by a wdiile 
longitudinal line. 

The axis of the capsule is occupied by a me- 
dulla or bulb, ib. c, also of a cylindrical form, 
jnid of a soft fibrous texture, adhering by its base 
to the parts bencatb, and there receiving nume- 
rous bloodvessels and a nerve. 

lletween the medulla and the capsule there nre 
two parallel membranes, one internal, ib. r/ ; the 
other external, ib. /> ; from the latter membrane 
a number of close- set parallel laminiC extend 
obliquely from one of the wliite longitudinal linos 
above mentioned to the other on the op])Osite side 
of the cylinder. The two membranes seem to 
be united together by the oblique sej)ta. In the 
long and narrow spaces between tliesc septa, the matter of the 
vane, ib. c, is deposited and formed into barbs and barbiiles. 'fhe 
dej>()sition t)f the material of the barbs commences at tlie apex of 
the bulb, and the stem is next formed in the folloAvlng manner. 

The external longitudinal line from Avliich the oblique laininai 
are contlmicd, receives and moulds on the inner siudacc of the 
external cai)sule the horny covering of the back of the feather, 
or that longitudinal band to the two sides of AAdiich the barbs arc 
attached ; and on the opposite surface of the internal membrane 
are formed the. pith or substance of the shaft, and the horny pellicle 
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which incloses it on the inner surface. The internal longitudinal 
line has no other use than to establish a solution of continuity 
between the extremities of the barbs of one side and those of the 
other, which meet at that part; and tlius curve round and com- 
pletely inclose the formative bulb. In fig. 1.15, the capsule of the 
matrix of a growing feather, 
c, has been laid open, and the 
nascent barbs, dy d, which sur- 
rounded the bulb, have been 
unfolded, exposing that ])art 
at a, ^ portion of tlie 
barbs and stem have been 
completed and protruded, and 
the bulb is beginning to un- 
dergo a jirocess of absorption 
at that part, which will here- 
after be described. The shaft 
and barbs at the apex of the 
cylinder arc the first parts 
which acrpiire consistence, and 
the molecules composing the 
rcniaindcr are less compa('-tly 
aggregated as they are situ- 
ated nearer the base of the 
matrix. As the gelatinous 
medulla increases at the base, 
the first-formed shaft and 
l)arl)S are protruded through 
the extremity of the capsule, 
the bulb continuiuo; to furnish 
tlic secretion which is mould- 
ed betw^ecn the two striated 
membranes until the entire 
featlier is completed. If the 
striated membrane inclosing 
the bulb be attempted to be 
reflected from behnv upward, it will be found to be connected with 
a series of membranous cones, a, />, c,d, c, fig. 116, ranged one 
upon the .other throughout the wdiolc length of the bulb, and con- 
nected together by a tube ruiming through its centre. In this 
figure the pulpy matter wliicli occupied the interspaces of the 
rones has been removed to show their central connecting tube. 

As the developcmcnt of the feather advances, the pulley matter 
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disappears from the summit of the medulla, and only the mem- 
branous funnel-shaped caps remain, which are protruded from the 
theca and the centre of the new-formed barbs, and fall off as these 
ex})and. The tlieca which incloses the whole is of a firm texture 
where the new-moulded barbs are yet pulpy and tender, but it 
becomes thinner as these acquire consistency, and, lastly, dries and 
crumbles away after it has been exposed to the action of the atmo- 
sphere. The bulb itself, when examined in a half-formed quill- 
feather, is composed of two parts, coriles]>onding to the external and 
internal aspects of the teathcr. The internal part represents a semi- 
cylinder or caKSc, inclosing the external part, which is of a conical 
form ; the latter extends from the base of the bulb, and gradually 
diminishes to a point where the shaft is com])lcted and the barbs 
begin to expand. Its office is to deposit the pith within the shaft, 
and it is absorbed in ])roj)()rtion as this is eff‘e(.*tcd. The internal 
part or case also commences at the base of the bulb, and adheres 
closely to the cone, with wdiich, indeed, its substance is continuous ; 
it increases in thickness as the cone diminishes, its margins are 
beautifully scolloi)ed or crenate, and the crenations arc lodged in 
the interspaces of the oblique laminae or moulds, and deposit in 
them the material of the vane. Tlic horny sides of the shaft are 
lodged and foianed in the grooves between the external and 
internal parts of the bulb, and correspond in degree of formation 
to tlie de[)ths of those grooves ; and being progressively brought 
into contact from above downwards, the sliaft is thus com])letcd, 
loavinii: the loimitudinal line at the internal side. AVhen all the 
grooves (wherein are formed the barbs, and the portion of the 
shaft wlilch carries them) are filled by the horny matter, and iho 
l)arbed part of the featlier is finislied, this horny matter lastly 
expands unifoj-mly around the medulla, and forms the quill of the 
leather. 

AVhen the quill of the feather has acquired the due consistence, 
the internal medulla bccojuos dried up, and is resolved, as before, 
into membranous cones arranged one upon the other; but these 
latter never pass out, for the quill, Avhich is now hardened 
and closed by the sliaft at the extremity opj)osite to the lower 
umbilicus, will not permit their egress; they remain, thercfoie, 
inclosed, and constitute the light dry [)itli wdiich is found in the 
interior of the quill. The last remains of the Imlb are seen in the 
ligament which passes from the j^ith through the lower opening of 
the quill and attaches it to the skin. 

Tlierc is a close analogy between the formation of a feather 
and that of a tooth ; but a tooth may take years tb be perfected, 
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ai)(l tlicrc arc l)vit two series produced in (me ]>art of live jaw, and 
only one in tlic other, in any warni-blooclcd animal. Fcatliers, on 
the other hand, arc deveh^ped in the course of some days ; they 
attain a lengtli of irom one to two feet or more in many Birds, 
and they are almost all renewed every year, — in some sjvecics 
even twice a year. It may be cavneeived, then, hoAv njindi vital 
energy the organisation of Birds nmst exereisc^ and how many 
dangers must accompany so critical a period as that of tlic 
moult. 

"J'he ])lumagG is commonly changed several times before it 
attains that state which is regarded as charaeterislic of the adult 
bird. The time rerpiin^d for this varies fv'oin one to five years, 
and scvvu’al birds rear a ]n*ogeny before tli(‘y a(‘(|uire the plumage 
of maturity. 

When the male bird assumes a vestment differing iiv colour 
from the female, the young ])irds of both sexes rcscanble the 
latter in their first plumage (Blackbird); but wlien tlie adult 
male and female are of the same <*olour, the young have then a 
pimnage pcMMiliar to tlnunselves (Swan). WInui adult birds as- 
sume a plnmage during the breeding season (lecudedly dilferent in 
colour from that Avliieb tln^y bear iu winter, the young birds have 
a plumage intennc'.dlate iu the gmuwal tone of Its colour compared 
with the two jveriodical states of the ])arent birds, and iKairing also 
indications of the (X>lonrs to be afterwar«ls attained at either 
l)(M‘io(l (Ru(f). When b<)th males and 1‘einales are alike in (*olonr, 
hut s])ecies of the genus dificr widely in colour, as e. g. the lllack 
and White Swans, the young of such sj)ecics arc afike and of* an 
iutermcdlatc hue. 

Changes iu the aj^pearance of the j>luiiiage of birds may be 
jM'oduccd : — 

By tlie feather itsedf Ix^e.omiug altered in colour ; 

B}" the bird’s obtainiug a (‘.ertain uumber of new feallici's 
without shedding any of the old ones; 

By the wearing off of tlie leiigtheiK^d llght(n*-colonred lips of 
tlie barbs of the feathers on the IkhIv, Ivy which the brighter lints 
of live plumage uuderucath arc exposed ; 

By an entire or partial moulting, at Avhie.h old feathers are 
tliroAvn off and iu^av ones ivroduced in their jdaev'S. 

Tlv(‘ fir^t three of these changes are ol)s<'rved iu adult birds at 
fhe a])proach of the Ivrccdiug season ; tlie fourth changi^ is partial 
in spring and entire in autumn. 
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CHAPTER XXIII. 
gp:nerative system of BfllOS. 

§167. MaU Orffans and ASVwrma^/a//.— The few varieties of 
structure wliidi the generative organs ])resent in tlie Class of 
Birds, arc principally met with in those of the male. 

The or<rans in this sex exhibit all the essential characteristics 
of the oviparous type of structure. The testes arc situated Iiigli 
up in the abdomen, whence they never descend into an external 
scrotum. The intromittent organ is cither double, as in Serpents, 
wlicn, liowever, each penis is extremely small ; or it is single, but 
in this case, to whatever extent it may be developed, it is simply 
grooved along the up])cr surface or dorsum for the passage of the 
fecundating fluid. As there is no true urethral canal, so ncithei’ 
arc tlic glands of Cowper or the prostatic glands present. 

The testes^ figs. 89, .r, 117, «, u, arc two in number ; in form more 
or less oval, situated near the upper extremities of the kidneys. 
They vary remarkably in colour in different Birds ; I have seen 
them white in the Peregrine Falcon and Dove ; pale yellow in the 
Ilorn-Owl and Galllnule ; of a brighter yellow in the Magpie, 
Bay Ibis, Ruff, and Oyster-catcher; of a bhude colour in the 
Chough, Partridge, Heron, Seagull, but whitish toward the 
loAvcr end in the last two. They are invested with a strong and 
dense ^albuginean’ tunic, and are fastened or suspended by a fold of 
peritoneum. The contorted seminiferous tubules arc very slender, 
and are sci)aratcd into packets by delicate and membranous septa, 
continued from the inner surface of the tunica albuginea. The 
arteries spread in an arborescent form beneath that capsule. The 
vas deferens, fig. 117, c, c, is continued from the posterior or 
‘ dorsal ’ and internal or ^ mesial ’ ])art of the gland. 

The periodical variations of size which the testicles undergo are 
very remarkable in the Class of Birds ; and tlie limited i)eriod 
during which their function is in activity is compensated by the 
frequency and energy with which it is exercised. 

Tlie projiortional size which the testes acquire at the breeding 
season is immense, as may be seen in the subjoined figures of the 
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testes of the House-Sparrow, which commences with the glands 
as they appear in January, when tliey are no bigger than pins’ 
heads, and ends with their full devclopcment in Aj)ril. 

It rarely happens that both testes are developed in exactly the 
same degree: the left is commonly the largest; but sometimes 
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1. January. 


o 


2. Middle of February. 



3- Beginning of Marcli. 



4 . Latter end of March. 



T). Middle of April. 


TestOf? of l.ho House*f5pafrow. xciv. 


the right exceeds the left; and I have seen an cxamjdc, in a 
Hook, where it alone had taken on the action of sexual increase, 
and had acquired a bulk compensating for the Avant of develope- 
ment in the left testis. 

In most Birds, the only appearance of an epididymis, fig. 117, 
is a remnant of the primordial kidney, fig. 108, r. This part fre- 
quently presents a colour strikingly different from that of the 
testes : thus it has been observed in the Bustard and Curassow to 
1)C black ; in the CassoAvary, yelloAv ; and in the Demoiselle (An- 
ihropoides Virfjo) to be of a green colour. In the Ostrich the 
epididymis is folded upon itself at the side of the testis. 

The vfvs deferens, fig. 117, c, commonly passes doAvn to the cloaca 
by the side of the ureters Avithout undergoing any remarkable con- 
volution ; but in the Common Cock it is bent upon itself in short 
transverse folds from side to side .almoxst from its commencement ; 
the folds gradually but slightly increase as they apj)roach the 
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CHAPTER XXIII. 

GENERATIVE SYSTEM OF BIRDS. 

§ 167. Male Onjans and Semination,— 1 l\\^ few varieties of 
structure which the generative organs ]>rosent in the Class of 
Rircis, are principally met with in those of tlic male. 

The organs in this sex exhibit all the essential characteristics 
of the ovi])arous type of structure. The testes are situated high 
up in the abdomen, whence they never descend into an external 
scrotum. The introniitteiit organ is either double, as in Serpents, 
wlien, however, each penis is extremely small ; or it is single, but 
in this case, to Avhatevcr extent it may be developed, it is simply 
grooved along the u]>])er surface or dorsum for the ])assage of the 
fecundating fluid. As there is no true urethral canal, so neither 
are the glands of Cowper or the pr(>statlc glands j)rescnt. 

The testes, figs. 89, a.*, 117, a, a, arc two in number ; in form more 
or less oval, situated near the upper extremities of the kidneys. 
They vary remarkably in colour in different Birds ; 1 have scon 
them white in the Peregrine Falcon and Dove ; pale yellow in the 
Ilorii-Owl and Gallinulc; of a brighter yellow in the Magi)ie, 
Bay Ibis, Ruff, and Oyster-catcher; of a black colour in the 
Chough, Partridge, Heron, Seagull, but Avliitish toward the 
lower end in the last two. Tiiey are invested with a strong and 
dense ‘albuginean ’ tunic, and arc fastened or suspended by a fold of 
lieritoneum. The contorted seminiferous tubules are very slender, 
and are separated into packets by delicate and membranous septa, 
continued from the inner surface of the tunica albuginea. Tlic 
arteries spread in an arborescent form beneath that capsule. The 
vas deferens, fig. 117, c, c, is continued from the posterior or 
‘ dorsal ’ and internal or ^ mesial ’ part of the gland. 

The periodical variations of size which the testicles undergo arc 
very remarkable in the Class of Birds; and the limited period 
during which their function is in activity is compensated by the 
frequency and energy with which it is exercised. 

Tlic pro])ortional size which the testes acquire at the breeding 
season is immense, as may be seen in the subjoined 'figures of the 
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testes of the House-Sparrow, which commences with tlie glands 
as they appear in January, when they are no bigger than pins’ 
heads, and ends with their full dcvelopcmcnt in April. 

It rarely happens that both testes are developed in exactly the 
same degree; the left is commonly the largest; but sometimes 
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1. January. 
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2. Middle of February. 


3. Beginning of March. 



4. Latter end of March. 



r>. Middle of April. 


Testes of the Ilouso-Spafrew. xciv. 


ihe right exceeds the left; and I have seen an cxam])le, in a 
Rook, where it alone had taken on the action of sexual increase, 
and liad acquired a bulk compensating for the Avant of dcvclope- 
ment in the left testiKS. 

In most Birds, the only appearance of an epididymis, fig. 1 17, 
is a remnant of the primordial kidney, fig. 108, c. This part fre- 
(piently presents a colour strikingly diftcrent from that of the 
testes: thus it has been observed in the Bustard and Curassow to 
be black ; in the Cassowary, yelloAv ; and in the Demoiselle (An- 
thropoides Virgo) to be of a green colour. In the Ostrich the 
epididymis is folded upon itself at the side of the testis. 

The deferens, fig. 117, c, commonly passes down to the cloaca 
by the side of the ureters Avithoiit undergoing any remarkable con- 
volution ; hut in the Common Cock it is bent upon itself in short 
transverse folds from side to side almost from its commencement ; 
the folds gradually but slightly increase as they apjwoach tlie 
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cloaca, both m extent and in the diameter of the tube composinj^ 
them; and they arc so closely compacted, and inclosed by a cover- 
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Peuia of ii njMlic. xxviJ. 


ing of peritoneum, as to present 
in a longitudinal section the aj)- 
pearance of a series of cells, 
which arc capable of retaining, 
as in a vcsicnla seminalis, a 
quantity of tlie seminal secre- 
tion. Ill the Sfiarrow there is a 
dilatation at tlic end of each 
vjis dofei’ens, which opens, as in 
the Common Cock, on a papilla, 
situated in tlie urogenital divi- 
sion of the cloaca anterior to 
the insertion of the ureter. 

"riic base of each papilla is 
surrounded by a remarkable 
j)lexus of arteries and veins, 
M, M, fig. 94, which serve as an 
erectile organ during the vene- 
real orgasm, when the fossa of the 
turgid j>ai»illais everted, and the 
semen lirought into contact with 
the similarly everted orifice of 
the oviduct in the female, alonjr 
which the spermatozoa pass l)y 
iiiidulatory movements of their 
ciliary appendage or ‘ tail.’ 

In some Natatores which co- 
pulate in water there is jiro- 
vision for a more efficient coitus 
than by siinj)lc contact of evert- 
ed cloacic, and in the Anatidoi 
a long single penis is developed, 
fig. 119. It is essentially a 
saccular jrroduction of a higlily 
vascular part of the lining inem- 
hrane of the cloaca, continued 
from the fore-part of th(>t cavity, 
ib. a, a ; and in the passive state 
is coiled up like a screw by the 


elasticity of associated ligamen- 
tous structure, h. The vascular membrane gives off many small 
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poiTitccl processes, wliich^ in the Gander, are arranged in transverse 
r()w»s on either side tlic urethral groove, d, and near the extre- 
mity of the penis are inclined backward. Tlie elastic band, />, h, has 
been cut open lengthwise in the figure given hy Home:’ it is 
surrounded by cavernous tissue, and tenninates in the blind end 
of the sac which can be everted. A groove, ib. d, d, copnnencing 
Avidely at the base, follows the spiral turns of the sac to it s termi- 
nation : the sperm-ducts open u])on papilhe at the base of this 
groove. This form of ])cnis has aT muscle by which it can be 
everted, protruded, and raised. 

The base of the penis in the Ostrich is attached to the fore wall 
of tlie cloaca, the conical body is bent in a recess, out of Avbich it 
can be draAvu and into which it can he rctiiriu’d by muscles. It 
consists of two solid fibrous bodies, the tissure between which is 
covered by cavernous erectile tissue, bounding the seminal groove ; 
blit it lias no cvertiblc sacciform part: there is a third clastic sub- 
stance internal to the cavernous substance which produces the 
twisted form. 

'file Drake’s peuis is formed lifter the type of that of lilzards 
and Sei'iients. The Oslriclfs penis is like that of the Tortoise 
and Crocxulilc.^ 



The Sjiennatozoa of Birds, like those of Li/nrds, have a long 


cylirulri(‘al body; generally straight or w{i\y, 
obtuse ant(;riorly, and tapering behind into a ii!a- 
niontary tail of varying length according to the 
species, fig. 120; but in the Cmitorea the body 
IS twisted spirally in three to five or more turns, 
pointed anteriorly and terminating in a usually 
long filamentary tail, fig. 123. spcrm-ceil 

<H)n tains many spermatoa, fig. 121, and in these the 
spermatozoa arc developed and usually excluded 
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,Siicnii-rcll with gper 
juato/oo, Siiarrow. 


xxvii*. and Phil. Trans. 1802. 


“ LXVll*, 



246 


ANATOMY OF VERTEBRATES. 


within the common sperm-cell, fig. 122 : here they are agglutinated 


124 



Earlipst stages of ItioforinaMon of the ovarian oggiii 
tho Bird, auviii. 


vesicle.’ This is shown, iu focus, at 


together, either in irregular 
groups; or, as in the Cantores^ 
in a regular bundle, with the 
spiral bodies at one end and 
the tails extending, parallel, 
to tho other, fig. 123. In botli 
cases the spermatozoa are set 
free by rupture and solution 
of the sperm-cell: in the Can-- 
tores they are then found fas- 
ciculate in the ^ tubuli testis,’ 
whilst in otlier birds they are 
irregularly dispersed. 

§ 168. Female Organs and 
Ovulation of Birds, — The 
ovarium of the Bird consists 
essentially of the germ-cells, 
with the stroma or blastema 
modified by their presence, 
and the vitelline matter su- 
])cradded to the germ-cell. 
'Fhc formative processes arc 
most clearly traceable in the 
smaller sinjrinii^-birds. In fiir. 

o o f~t 

124, A, the small clusters of 
gi*anules indicate the begin- 
ning of the ova in the 
ovarian stroma : in larger 
clusters a clear point ap- 
pears, which in the largest 
assumes the character of a 
germ-cell surrounded with 
o])a(pie minute granules. The 
almost contemporaneous for- 
mation of the ^ ovisac’ 
(Barry) soon manifests itself 
by its lining of epithelial 
cells, ib. B, at which period 
the germ-cell manifests, by 
its macula, the ordinary 
characters of the ^germinal 
; the epithelium of the ovisac 
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is shown ift focus at d : in e, ov is the ovisac with its epithelial 
lining, v the granular yolk surrounding, <j the germinal vesicle 
or developed ^ germ-cell.’ f is part of an ovule of of an inch 
in diameter, highly magnified: minutely granular or primitive 

yolk-substance; </, germinal vesicle ; r, ^ thick consolidated mem- 
branous layer which formed a vesicular covering for the primitive 
ovule, and which corresponds to the zona pellucida of the mam- 
mi ferous ovum,’ * 

In G and H, Prof. Allen Thomgt5n gives diagrammatic figures 
of the earliest stages of formation of the ovarian ovum in a Black- 
])ird : figs, i and K ^ arc intended to illustrate, diagrammatical ly, 
the view, that after tlic disappearance of the zona, and the for- 
mation of the larger granular yolk-cells, the outer layer of the 
cells of this substance forms the permanent vitcUiiie membrane of 
the bird’s egg ; ^ remains of minutely granular yolk, forming 

the vitelline disc round the germinal vesicle; .sv/, large corpuscles 
of the yolk ; outer layer of the cells of tlie same, on which 
the vitelline membrane is afterwards formed.’ ^ 

The germinal vesicle, with the firmer primitive vitelline granules 
(^germ-yolk,’ K, vd)^ moves from tlie centre to the periphery of 
the ovum, which then begins to expand by the addition of tlie 
softer ‘food-yolk,’ ib. .sy/: this seems to be due to cells thrown off 
by, and to fluid exuding from, the inner surface of the ovisac, ov^ 
tlie cells greatly and rapidly increasing in number and acquiring 
the characteristic yellow or orange colour of the yolk in birds. 

At the earlier stages of the devclopcment of the ova the ovarium 
a])pears as a flattened solid, granular body, attached by a fold of 
l)eritoncuin, or of air-ccll, to the bodies of the middle dorsal 
vcrtebric, fig. 125, a. 

At first, the right and left ovaria arc similar in size, fig. 127, c: 
but the symmetry is soon disturbed by concentration of de- 
velopemcnt in the left ovarium (fig. 12o, ii)^ the right one, 
remaining stationary and ultimately, in most birds, disappearing. 

The cnlar<remcnt of the ovarian ovum is now due to the accu- 
niulation of the yellow or ‘ food ’ yolk, with concomitant distension 
of the membrana vitelli and of the ovarian capsule, or ‘ calyx,’ 
fig. 126, rt, r/, which maintains its connection with the rest of the 
ovarium by a contracted base or pedicle. 

The Cjilyx consists of two membranes, united together by lax 
tissue and blood-vessels : these ramify as in fig. 126, c, converging 
toward a white transverse line or band across the most prominent 

* lb. 


* cccvnr. p. 7G. 
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jMirt of the calyx, Avhcfc the vessels become sudilctily ‘bo minute, 
as to seem to be wanting: fig. c. Ibis part, called the 
^ stigma,* begins to appear when the ova have attained, in the 
Common Fowl, the diameter of an inch : it increases in breadth, and 
the mendnaucs there become thinned, as the ovum accpiires its 
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Fciiuile oi i'iins, Fowl, til luiii-brcciliii;,'' .-easoti. Kclation of llic ova lo iho ovary in llirds?. cfcvrir. 

full sizo; will'll tlioy rcmllly yield and are rontliy the coinfircssing 
lonjeof tluriiilinidiliulariipeniiigof the oviduct, fig. 128, <?, where- 
upon the oviini slips out ol the calyx into the efl’ereut pai^sage. 

The eni[)ty calyx eolhiiiscs, as at h, b, fig. 126, and d, fig^ 128, 
rajmlly >shrink8, and is ultimately absorhed. 

In bird.s that have few young at a brood, as the Aidcryx^ 
* XI. vol. iii. p. 310, pi. 30. * 




FEMALK ORGANS OP BIRDS. 


249 


^ 4 % 


Kaglc, Dove, &C .5 the number of enlarged ovarian ova or ^ yolks’ 
is correspondingly small; but in the more prolific species^ as the 
Common Fowl, fig. 126, A, they are more numerous. The numlier 
of young produced may be, by this means, in some degree in- 
ferred, if the female of a rai*c species happen to be killed during 
the breeding season. 

In the diagrammatic section of a full-sized ovarian ovum, n, fig. 
126, 0 is the outstretched ovarian capsule and stroma forming the 
^ calyx,’ p its peduncular connection'^ith the rest of the ovarium; 
c is the common jK>sition of the germ-cell and discoid germ-yolk ; 
00 , the two layers of the ovisac into which the blood-vessels 
penetrate; vm, the vitelline membrane. This membrane is 
sufficiently strong and ductile to permit the ovarian ovum being 
eomjircssed into an elliptical form to 
facilitate its passage through the con- ^ 

tnictcd part of the oviduct. Certain 
changes now occur in the ovarian ^ 

ovum, and. much addition is made to W m 

it; but, before entering upon th<\sc, li‘ ^ 

the canal througli which it passes and I i 

in which the egg is completed must he j 

111 the female embryo the basis or 
stroma of the ovarium, fig. 127, c, ap- 
])ears in a similar relation to the ])ri- 
inordial kidneys (ib. //}, ns the testis ffEiii 

in the male. At the period when the yIMI 

IKTjnanciit kidneys, ib. a, have sent jjW/ 

tlie ureters, ib. c, to the cloaca, the W ij/fA 

oviducts, y, liave been developed as 8 f 

prolongations from tliat part, and, to a 
eiu’talii point of dcvelo|)emcnt, they arc 
of equal size and Icngtli. KSubvSe- 

(pieiitly the left oviduct alone proceeds to groAv; the right is 
stationary, or shrivels : occasionally it may he discerned as a 
rudiment in the mature bird, but usually all trace of it has dis- 
apj)cared. The left oviduct expands aliove or at its free end into 
the infundibular orifice, fig. 125, />, Avhere its parietCvS are very thin ; 
as it despends, these increase in thickness, and the efferent tube 
gradually aexpiires the texture and form of an intestine. Like 
this, it is attached to and supported by a duplieature of peritoneum 
called the mesometrium^ but wloich also includes muscular fibres, 
to be presently described. 








Kidiioyp, VViiini'iii biuUcs, nv.-ini*!?, ami 
cjvhhu’ts (if a fo't.'il bird, at a iicriod 
wlifii 1n)iU ovidiu-.ta .arc still nf iioarly 
t'iiual si/.o. Man'll iiUal, i.-vxiv. 
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The oviduct in the quiescent state is generally straight, but at 
the period of sexual excitement it is augmented in length as well 
as capacity, and describes three principal convolutions before 
reaching the cloaca, fig. 128, ii. The lining membrane presents a 
different cliaracter in different i)arts of the oviduct ; at the infundi- 
bulum, ib. c, the surbicc is longitudinally rugous : lower down the 


lining membrane begins to be disposed in oblique ridges, ib. fj, 
beset with follicular glands: at the more contracted part, or 

‘ isthmus,’ they become longitudinal 
and subside: in the terminal dilata- 



Pcnifilc organ?, Fowl, at breeding t;e:i«c 

XX.MV. 


tion, ib. /i, the lining membrane is 
beset with large flattened villi, con- 
taining the follicles concerned in the 
secretion of the shell. The whole 
oviduct is lined by vibratilc epithe- 
lium. The shell-forming part has 
been termed tlie ‘ uterus,’ but the 
ovum is never developed in it. The 
rest of the canal, Z, wliich, by the same 
loose analogy, is termed ‘ vagina,’ 
opens into the urogenital segment 
of the cloaca, anterior to the orifice 
of the left ureter, and its termination, 
figs. 86, 109, /*, is provided with a 
sphincter. 

The mesonietry, fig. 128, m, differs 
most from the mesentery when the 
female organs arc in full sexual 
action. It presents at that period 
a muscular structure, but llie fibres 


arc not striated. It is divided into two parts, one superior, the 
other inferior. The inferior mesometry has its point of attach- 
ment at the loAver part of the uterine portion of the oviduct, and 
forms a somewhat dense and cruciform jdexus of muscular fibres 
radiating from that part. The transverse fasciculi arc spread out 
on cither side and around the uterus. The lower fasciculus sur- 


rounds the vagina more laxly, and contributes to the expulsion of 
tlic ovum. The up])er fasciculus spreads out like a fan upon the 
oviduct from its insertion into the uterine portion to^the com- 
mencement of the Infundibuliini. 


The superior mesometry commences by a firm elastic ligament, 
which is attached to the root of the penultimate rib of the left 
side, whence the muscular fibres are continued to the- upper part of 
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the oviduct; upon which they form a delicate muscular tuulc, 
whose fibres embrace the oviduct for the most part in the trans- 
verse or circular direction, except at the infundibular aperture, 
Avherc they affect the longitudinal direction, which enables them to 
dilate that orifice. Longitudinal muscular fibres begin again to 
be distinctly seen in the uterine portion of the oviduct, whence 
they are continued along the so-called vagina. An intenuil stratum 
of circular fibres is also situated immediately behind the calcifying 
membrane of the ^ uterus.* In the vagina the circular fibres arc con- 
centrated at its termination to formtliic sphincter above mentioned. 

The ^clitoris’ of the Ostrich is continued from the anterior 
margin of the preputial cavity of the cloaca, and is grooved like 
the penis of the male: it is furnished with corrcs])onding muscles. 
A smaller clitoris exists in tliose birds of which the males have a 
Avell-developed intrornittent organ. 

§ lf)9. I^\^(;un(iatl(m in Birds y 
and Structure of the laid 
— In coitu spermatozoa enter 
the cloaca and penetrate the 
oviduct, ascending to the ova- 
rium. The germinal vesicle, 
on the reception of the ovum 
by the oviduct, is no longer 
visible, as such. A discoid 
aggregate of cells constitutes 
an opaque Avhite circular spot 
of the periphery 
0 which the gcian- 
cell and gerui-yolk had passed, 
and this was known to the 
older embryologists as the 
Sdcatricula.’ It consists of a central clearer and of a peripheral 
denser portion, fig. 129, b: beneath the clear centre is a group 
of minute opaque granules called ^ nucleus cicatricuhe.* In the 
diagrammatic figure -A, « is the vitelline membrane; d the clear 
tract leading from the ^ nucleus,’ c, to the centre of the yolk, 
— the trace of the exccntric course of the germ-cell : h, are the 
ininute granules forming the denser part of the cicatricula ; c, 6*, 
are the larger yolk corpuscles. The ^ nucleus cicatriculic,’ c, is 
the ^ germ-mass,’ the result of the same series of spontaneous 
divisions of the impregnated germ-cell, as affected the entire yolk 
in the Batrachian (vol. i. fig. 452) ; to Avhich the ovum of the Bird 
offers the opposite condition in the preponderance of the ^ food- 


on the part 
of the yolk i 
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yolk’ over the ^ germ-yolk.’ . In fig. 129^ b is an enlarged view 
of tlie cicatricnla as seen from above on the surface of the yolk 
in an iinpregnatod egg : the dark central space is the ^ transparent 
area’ siirroiindcd by the ^ opaque area/ and by one or two de- 
licate ‘ lialones.’ c is the cicatricula of an unfecundated laid 
egg : instead of the central transparent area a number of rather 
irregular transparent sj)ots arc seen. 

Tlic yolk forms an ellipsoid mass, somewhat flattened on the 
cicatricular surface, and consists of the external coloured part, 
fig. 1I>(), B, <1^ in concentric layers indicative of successive depensit, 
and of a central lighter-coloured part, ib. c, about one-fourth of 

130 



the dianicter of the whole. The margins of yolk-layers, inter- 
rupted I)y tlic S'icatrjcnla’ and its canal, may form the ‘ lialones.’ 
The yolk-1 avers, d, usually show some diversity of tint, 

Tlie rij)e ovaiian ovum, having passed into the oviduct, is 
propelled by the |)ei'istaltic action of that tube in a rotatory course 
to the ‘ uterus.’ The contact of the memhrana vitclli stimulates 
the exudation of the ])rodiict of the lining memlirane in a denser 
state than usual, whicli forms a kind of accessory tunic, and 
is continued, thread-like, from near each j)ole of the ellipsoid, 
usually a little toward that half which is opposite the one sup- 
porting the cicatricula: these filaments, fig. 130, a, c, arc the 
‘ chalaza',’ and the layer of dense albumen from which they 
are continued is calletl the ‘membrana chalazifera.’ During 
the passage of the egg and its acquisition of successive deposits 
ot the ordinary albuminous secretion, the chalazic become t\yistcd 
in opposite directions, fig. 131, b, and ultimately the one next 
the small end of the egg contracts some adhesion to the membrane 
lining tlie shell there. In fig, 131, A sliows the ovum from the 
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iippei* part of the oviduct, with the coating of dense albumen 
continued into the chalazaj; B, the outstretched clialazie from 
opposite sides of the yolk, showing the opi)osite turns of the 
spiral; C, an egg from above the middle of the oviduct, with the 
first layers of soft albumen deposited upon the chalaziferous 
membrane and chalazae. 

The albumen is rajndly added in the more glandular and vas- 
cular part of the oviduct, by 
the ridges of follicles which 
.correspond in direction with 
the spiral course of the egg ; 
and, when it has arrived at 
the narrower part of the 
oviduct called the isthmus, 
denser layers of albumen arc 
again excreted, forming tlie 
^ membranca putamiuis,’ fig. 

130, A, d. So inclosed, and 
having acquired its ovate 
form with the small end to- 
ward the cloaca, the egg 
passes into the ‘ utciine ’ or 
shell-forming dilatation, fig. 

128, k. 

Art i ficial coagul ation of 
the albumen or ‘ white ’ of 
an egg enables one to dc- 
nionstratc its disposition in 
spirally deposited layers. 

It is at the latter stage of 
the egg’s formation that the 
spiral structure of the cha- 
lazai becomes ai)parcnt. l"he 
time of the passage of the 
egg from the infundibulum 
to the uterus, in the Com- 

1 . /» /• StaKi-s of 1‘frtr ii» oviiUict. cccviii. 

inon Bowl, is from tour to 

six hours. Here it may remain from twelve to twenty hours. On 
entering the ^ uterus,’ a thickish white fluid exudes from the inner 
surface of the cavity and condenses on tlie ^ memhrana putaminis,’ 
forming thereon a cellular matrix in which soon appear particles 
of calcareous matter, which from the shape they assume in the 
interstices of the matrix appear to be crystalline. 
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Allen Thomson has given the annexed illustration, fig. 132, of 
the structure of the lining membrane of the shell and of the 
proper sliell-membrane. A shows the ^ lining membrane of tlie 
shell ; «, tliick matter or felty portion ; i, thin shred of the torn 
margin, showing the peculiar fibrous tissue of which the various 
layers are composed; n, outermost layer of the same, which is 
incorporated with the shell; some of the angular corpuscles of 

the slicll lying upon the fi- 
brous substanco and firmly 
united with it. C, small 
])ortion of the calcareous 
shell, which has been steep- 
ed in dilute hydrochloric 
acid, showing the remains 
of 0 })a(pie calcareous sub- 
stance in the centre : here 
and there clear oval cells 
seen, as at a, a' ^ 

The colour of the egg- 
shell depends on pigmental 
matter secreted by ])articu- 
lar follicles of the villous 
membrane of the ^ uterus;’ 
and cither incorporated uni- 
formly with the outermost 
layer of the shell, as in the 
^Thrush: or deposited in 
cells more or less dispersed 
or aggregated in patches. 
The shell consists in great 
part of carbonate of lime, 
^vith a little carbonate of 
magnesia and phosphate of 
lime and magnesia. 

The appearance to the 
unaided eye of pores on 
the surface of the shell is 
due to the impressions of the \i\li of the formative membrane;^ 
the permeability of the shell by the atmosphere dej)cnds on a 
more ininutely j)orous texture. The first effect of this per- 
meability is penetration of air between the layers of the lining 
membrane as the contents of the egg condense by cold and eva- 
* ccevni. p. 63 . 
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poration after it is laid. The air accumulates between layers 
of the ^ membrana putamiuis’ at the great end of the egg, fig. 130, 
A,/; aud in increased quantity as the other contents become 
condensed into the tissues of the chick, Avlicn it is averred to 
contain rather more oxygen than in ordinary atmospheric air. 
Such is the complex structure of the egg of a bird iirior to its 
becoming subject to the influence of inculiation. 

It differs from the egg of the cold-blooded, non-incubating 
Ovipara, in the jiresence of the chalazic and of the air-chamber, 
in the firmer and more comjdex structure of the shell, and in the 
greater proportion of albumen: in all which differences maybe 
discerned a prosiiective adaptation to the business of hatching. 

^The cicatricula, oi"*<»gcrin, is on the uppermost ])art of the 
floating yolk, the thinner jiart of which, occupying the nuclear 
tract, fig. 130, n, c, makes that half of it the lightest. Pressure 
of the upfloated germ against the shell-wall is moderated by the 
Areight of the denser albumen forming the chalaztc, ib. A, c ; and 
their usual attachments, a little below the axis of the yolk, help 
also to make the cicatriciilar half the liglitest and ujqiermost. 
Under ordinary circumstances rotation of the egg takes place on 
its long axis, and, if a fresh egg be so turned round, * the cica- 
tricula Avill keep its position upwards for one turn or a little 
more, and then, by the tAvistiiig of the chalazie, the yolk is carried 
comjdetely round, and balances itself again Avitli the cicatricula 
uppermost in its new position.’' The main function of the 
clialazic is to keep the yolk more steady in the albumen, and to 
moderate the effects of any violent movement or rotation of the 
egg. The domed form of the hard shell enables it to l)ear the 
superincumbent av eight of the brooding mother. How these 
modifications of the oviparous egg in anticipatory relation to the 
needs and conditions of incubation can be brought about by 
‘ selective’ or other operations of an unintelligent nature is not 
conceivable by me. 

Birds differ in the nund)er of eggs Avhich they lay at one 
breeding season, in the relative size, in tlie sha])e, colour, sur- 
face, and thickness of the shell of the laid eggs. The Frigate 
Bird, Albatross, Penguin, Fidmar, Petrel, Awks, and some other 
sca-l)lrds that brood on bare rocks, severally lay and hatch but 
one egg a1^ a season : the Skua Gulls {Lestris) have two eggs ; 
the Common Gulls {Lams) three eggs ; the Lamellirostres and 
most Gullinm hatch many eggs at a brood. 

The Cuckoo has the smallest egg in pro})ortlon to its size, the 
' cccviii. \\ 6 >. 
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Apteryx the largest: in this species it weighs 14^ oz. ; the entire 
bird 60 oz. ; so tlmt the egg is nearly equal to one-fourth of the 
parent. The hugest known egg of a bird is that of the extinct 
JEiyyorms of Madagjiscar. Tlie following arc comparative ad- 
measurements of this egg and that of an Ostrich : — 


TiCngth of ranjor axis 


>1^I)yornis. 

In. Lines. 

12 3 

Slrutlvio. 
In. Liu 

5 JO 

„ „ minor axis 

. . 

9 

4 

5 

0 

Greater circumference 

. 

34 

2 

17 

10 

Smaller circumference 

. , 

29 

2 

16 

G 


The contents of the egg of the JT5pyornis are computed to equal 
those of 6 Ostriches’ eggs, and 148 lien’s eggs. 

The eggs of most Owls, of some Penguins (^Sphenhcii^^ of the 
King-fishers (^Alcedo^ Halcyon?)^ of the Plantain-eaters {Muso- 
jduiya^ and Bec-eaters {Meropa)^ arc those tliat have, or nearly 
approach to, the sjfiierical shape : those that furthest dc])art from it, 
or have tiie longest shape, are the eggs of the Mcga]>odc and Al- 
batross. The oval, or ovate, is the common form in birds (fig. 130, 
and vol. i. p. 599, fig. 420, o): the eggs with the narrowest simill 
end, ib. d, are those of the 1 ^lovers. Snipes, Sand-])i[)crs and allied 
Waders, which usually lay four eggs, packed in the smalhist 
compass by the meeting of the small end of each in the centre. 
The egg of the Chinese Jacana {^Parra sinensu) is like a top in 
shape. The eggs of (ircbes, Cormorants, Pelicans, arc elliptic*. 
The shell of the Emeu’s and Ostrich’s egg has a rough exterior : 
that of the Vjrangas {l^crodes) has a glossy smootliness. Idio 
shell of the egg of the Ostricdi, Emeu, ancl Cassowary is rela- 
tively thicker than that of the Apteryx, Mound-bird, and Dinornis. 

§ 170. Accessory Generative Structures and External Sexual 
Characters , — The exception to the rule of incubation is given l)y 
the Megapodi*al birds of the Australasian Islands. A huge mound 
of decaying vegetaUe matter is raised : the eggs arc deposited 
vertically in a circle at a certain dejith, near the summit, and 
the chick is develo])cd with the aid of the heat of fermentation. 
The large size of the egg relates to affording a sup})ly of material 
sufficing for an unusually advanced state of dcvelopcment of the 
chick at exclusion ; whereby it has strength to force its way to the 
»surface of the hatching-mound, with wings and feathers sufliiiiently 
developed to enable it to take a short fliglit to the nearest branch 
of an overshadowing tree.^ 

A steady continuous temperature of about 100'’ Fahr. is the 


* i.vi*. and LViir. 
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requisite condition of successful incubation: the lieat of the sun 
alternating Avltli the cold of night Avould hatch no bird’s egg. The 
Ostrich deposits about fifteen eggs in a hollow of the sand : the 
male bird incubates, and the young arc excluded in from fifty to 
sixty days. The following arc the periods of incubation in some 
birds of the different orders of tlie class : the female sitting where 
not otherwise stated : — 


Spcciofl • No. of 


American Ostrich 

{lihea americuna) male 


Moornk . . . . 

{(Jasuarius liennettii) msilQ .... 

48 

Kincii . . . . 

( l)romaius Aotvc Ilollaruluv) male 

r>4 

rnflin . . . . 

( Fraiercula arclieti) ..... 

30 

Giiillomot 

(^Uria troile) ....... 

30 

Hooded Merganser . 

(^Menjun ciwul/utiis) ..... 

31 

Sheldrake 

( TciiUrrna ntipanse/') ..... 

30 

]\[uddy AVildrtikc 

(Cctsarca rntila') ...... 

30 

Suniincr Duck 

(HAr sport so) ....... 

30 

Mandarin Duck 

(Aiv yttlerictthfa) ...... 

30 

Sandwich Island Goose , 

(Uarnicla smufo teens Is) ..... 

31 

Gereopsis Goose 

(^Ccreopsis Novm Holland ia') . . . 

35 

Black Swan 

{Ofjijnus atraius') ...... 

35 

^Vhite Stork 

(^Cieonla alha) ...... 

81 

Moron . . , . 

(Arden cincrea) ...... 

28 

Dotterel . . , . 

(Churadrius morinelius) 

20 

('aperoailzie 

( Tetrao nrogallns) 

28 

(kilifornian Quail 

(Calllpepla cnli/orniea) 

21 

Purple Kalecgc 

(OaUopftasis Uorsjkldii) .... 

24 

Impcyan Pheasant . 

(Lophopliorus Impvyanas) .... 

28 

Crown Pigeon . 

( Go urn coron afn) 

28 

Ringdove 

( (. 'ohimha pal u m Ija) 

IG 

Cuckoo . . . . 

(Cnculus canorus) by Iledgc-SpaiTOw or other 



Passerines 

14 

Belted KingfiHier 

(Alcedo alci/on) ...... 

IG 

iMaitiii . . . , 

(Ilinindo vibic(i) ...... 

13 

Skylark . . . . 

(Akiuda arrensis) 

15 

Challinch 

(Frimfilla ca-lebs) ...... 

13 

Wren . . . . 

{Troylodytes vulgaris) ..... 

10 

Bulllinch . . . . 

(Fgrrhida vulgaris) ..... 

15 

Starling . , . . 

(Slnrmis vulgaris) ..... 

IG 

Raven . . . . 

(Corvus corax) ...... 

20 

Golden Eagle . 

(Aqnila chrysaetos) ..... 

30 

Most birds nidify, 

i.e. prepare a rece])taclc for ibe eggs, t( 

aggregate them in a space that may be covered by the incid)a 


ting body (sand-hole of Ostrich), or su|>ci*add materials to keep in 
the warmth. The most com|)lex ‘ nests ’ arc made by l)irds of 
the singing order : and of these the pendent nests of the Weaver- 
I>irds i^Pheeida^ are, ])crhaps, the most perfect and remarkable 
examples of nidlfication. Not only docs the female construct her 
nest for incubation ; but the male makes his, in the form of a bcc- 
VOL. IT. s 
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hive, open at tlic bottom, whieli Is crossed by a percli of stronjr 
woven inaterial, uj)on wliieh he sits, sheltered from the trojrical 
sun or storm by the dome above, which is suspended to a brancli 
near that to which is attached the nest of the female, wliom he 
solaces durino’ her confinement with his sonjr. 

Certain conirostral Cantores still prai'tise in the undisturbed 
wilds of Australia the formation of marriage-bowers distinct from 
the later-formed nesting-place.* Tl’lie Satin l>owcr-Bird {Plihno- 
rhynvhus hohmriccus\ and the Pink-necked Bower-Cird ( Clda~ 
mydera 7)wculata), are remarkable for their construction on the 
ground of avenues, over-arched by long twigs or grass-stems, the 
entry and exit of whhdi are adorned by ])carly shells, bright- 
col^red feathers, bleached bones, and otlier decorative matciials, 
which are brought in profusion by the male, and variously ar- 
ranged to attract, as it woidd seem, the female by the show of a 
handsome establishment. For receiving and ijicubating her eggs 
the female builds a nest, like that of the Magpie, in tlic conceal- 
ment of a trec.^ 

JMost birds, on reaching maturity, show^ external sexual cha- 
racters. In Diurnal RapUyrea the female is larger than the male; 
in (hdUnaceoi and most other polygamous birds, slj «3 is loss. In 
this suborder the male is most conspicuious by the richness and 
l)ea\ity of his colours; and a difference in this respect is tlic most 
common sexual cliaracter in birds, Avith the frequent addition of a 
peculiar size and shape of certain feathers, cs])ceially at the 
breeding season, when, c.g., the male ot Mu(dictcspuyiuixh{}x\o\\\(:^ii 
the ^ Huff,’ tlfo female the ^ lleevc.’ There is a sexual differeuce 
in the length of the beak in the llook-lrillcd Parrots {Nc,stor), 
in the Aptmf.v^ and in the singular genus of IInmming-P>ii*(l 
{./hidrodon, Gould), in Avhich the end of the longer lull of the 
male is dentated. The comh and wattles of the Cock exemplify 
sexual characters of certain cutaneous appendages : his spur 
and that o^)ther Gidllnw. and Phasiantdat^ ineluding .Mcl€ay}ds, 
is a wea])on of eonibat, analogous to the horns of Mammalian 
Herbivores. 

Swifts, SAvalloAvs, Doves, Crovrs, King-fish ei’s. Parrots, and 
the majority of the Waders arc cxam])les of birds in wliich the 
sexes arc alike. 

* Lvn. finil Lviii. 

It is j)os.sil)lc tlj.'it the oil! proprnsity of tlic Magpie, Jackdaw, and some others of 
our Comrostrals, to which the Australian Bower-Birds arc allied, to pilfer glittciing 
objects, may be the remnant of a similar instinct which the increase of Imman popula- 
tion has scared out of them : the conditions of cultivatiim reducing the birds to the 
constructions which arc essential to the continuance of the species. . 
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partially reflected from the ^ vascular ’ and ^ mucous layers,’ ^ The 
mucous layer is concerned in the formation of the intestinal 
canal ; and beyond tliis part, which is at first an open groove, the 
mucous layer expands over the yolk, which it ultimately incloses, 
the margins of tJie ^ vitellicle ’ so formed, fig. 134, e, contracting 
and uniting at the side opposite to the embryo at a sort of ^ ci- 
catrix, to which the last part of the slime adlicres.’ The vitellicle 
is richly vascular, and the surface next the yolk is augmented by 
i^igte, the yolk in contact with wliich becomes more lifj[uid, and 
loses its coagulability. 

A t about the fortieth hour in the Common Fowl the limbs begin 
to bud fortli, and a vesicle to protrude from near the anal end of 

the intestine which, rapidly 
expanding, iig. 134, spreads 
over the embryo, acrpiiring 
a close adhesion to the am- 
nios, ib. «, but remaining 
distinct from tbc vitcHicle, 
ib. c, c, o^ cr which it sju'cads, 
final Iv inclosing the albn- 
men, and interposing itseb* 
between the hitter and the 
linijig membrane of tlve shell. 
Bloodvessels called ‘ umbili- 
cal,’ fig. 134, arc coextend- 


131 



Mc'inlmmt'a cf the ('luck tliirvl day. lv. 


cil with tbis‘l)ag, ivblch ITimter ‘ called allantois,” from its con- 
taining nritie.’ 


But that It ^ answers other imjiortant jmrposes, 
must a])pcar evident from its extent being liir beyond wliat would 
unswtn’ that purpose. I conceive that the side of the bag wliicli 
surrounds an<l is in contact ivitli the albumen, acts as the chorion 
or jdacenta, for it must be by this surlkec that the albumen is 
al)sorbed and the chick supported, ".rhe external ])art of the bag, 
wlilch comes in contact with the shell, I conceive to act as lungs, 
for it is the only part that comes in contact witli the air : and on 
opening an egg with the chick pretty far advanced I find that the 
blood in the veins is scarlet, while it is of the Modena colour in 
the arteries of the bag.’^ Schwann’s experiments show that the 
devclopement of the chick may go on without oxygen to the 
fifteenth hour, and that the life of the germ is not destrbyed till be- 
tween the twenty-fourth and thirtieth hour, but that the presenee 
of oxygen is essential to further devclopement. As the embryo 


’ 3'hc rnurous hx^c\%/, is sliown reflected from the vascular arefa, g* 

® XX. vol, V. p. xxi. * XX. p. xxiv. * lb. t.xix*. 



DEVELOPEMENT OF BlllDS. 


261 


grows it turns upon its left side, exliibiting ii profile view ; it tlien 
indents the yolk, and finally almost divides it into two j)orti(>ns. 

The formation of the digestive tube and glands closely follows 
the course described in Voh I. ])p. 604, 605, 606. 

The embryo of the bird is that Avhich l)est admits the observa- 
lion of the comincncemcnt of the developement of the organ of 
hearing by a superficial depression of the cephalic bhustcina, fig. 
135,/, to meet the process fromjjic epenceplialon, ib. <?, which 
forms the acoustic nerve. The lining of the depression becomes, 
on the closure of the slit, the proper tunic of the labyrinth.* 

The vesicle of the labyrinth, /, swells into four dilatations, of 
whicli three are ‘ ampullar,’ and the fourth ^cochlear:’ the am- 
pullar dilatations extend into very slender 
canals, at first almost in the same piano, by 
which they arc brought into mutual com- 
municatioii : as the canals expand and elon- 
gate, they assume their characteristic relative 
])ositions as external, superior, posterior: the 
hinder end of the external canal being ex- 
tended beneath the posterior canal. The 
cochlear dilatation curves as it elongates: an 
inner layer becomes distinct from the common r..ro of . on.ryo chick 
membrane, and forms the acoustic lamina. “ ’ 

As in the developemont of the eye, the production of the nerve- 
process from tlic cerebral centre is the first stej), tlie infolding of 
the superficial blastema to meet the nerve is tlie aext : the so- 
called ^ cutaneous follicle’ becomes a circumsc.ribcd sac or vesicle, 
in wliich the cliangcs and developeinents next ])rocccd, converting 
the vesicle into Sacouslic labyrinth’ or ‘eyeball.’ In each case 
neural elements of two vertebric become modified to lodge and 
l)]'otect the sense-organs, forming res[)ecti\ ely the recesses called 
‘Otocrane’ and ‘orbit,’ the one between the occipital and j)aiictal 
vertebne, the otlier betw ecu the frontal and nasal vertehvic. Tlie 
part of the outer hhistcmal layer of the head whicli sinks to meet 
the process from the mesencephalic dilatation, rapidly changes its 
follicular into a vesicular state : the vesicle elongates, hemling 
round tlie cell-mass in whicli the crystalTine lens is formed (as in 
the Fish, Vol. I. fig. 423), and by the meeting of the two ends, the 
‘ choroid ffssure,’ at the hnver part of the eyeball, figs. 134, 135, 
results. The mesencephalic process, or ‘ ojitic nerve,’ expands at 

* In XX. 1)1. Ixx. fig. 3, embryo of the Goose at the thirtieth hour of incubation, the 
open state of the acoustic sac is erroneously dcscrihed as * meatus: ’ but the sac be- 
comes closed, and the tympanum aud its i^assjigc arc later dcvelopcmciits. 
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tlic back part of the eirculav sac, and, in the course of its inuta- 
tion into eyeball, hues its ])Osterior part Avitli the layer called 
retina, interrupted only by the cicatrix of the inferior and rapidly 
blended ends of* the primitive eye-sac. The transiiarent layer 
coverino' the fore-part of that sac and the inclosed lens is meta- 
inor])hosed into cornea. Other layers of the sac are ditforentiated 
into choroid, ciliary processes, iris; and a fold of the vascular 
layer protrudes through the choroid fissure as a persistent struc- 
ture in birds, in which the ‘ pcctcvi’ significantly marks a curious 
stei) ill the developcmcnt of tlie eye in all Vertebrates. Of the 
apjieiulages of the eye the memlirana iiiciitans, fig. lJi7, u, is 
the first to a]>pear, tlie lower lid and then the upper lid follow. 
It is a mistake to speak of the labyrinth or eyeball as being 
forincd by the integument, or beginning as ^ cutaneous follicles,' 

for the structures of the skin arc not 
dilfcrentiated when they first ap|>ear : 
a layer of cellular or prlinitive lilastcmal 
tissue represents tlie integument, aiul a 
greater mimher of ladls Is aggregated at 
the points which tend imvard to meet 
the productions from the nervous eentves. 
Alter the essential organs of sense «i-e 
established, then is the skin developed 
and modified more or less for their pro- 
tection, forming the outer ear and the 
eyelids: but both passages are closed by 
transparent memliranes, as ^car-drum’ 
and ‘ coruca.’ Only in the ease of the 
olfactory organ does tlie primitive d(j- 
pression, fig. I;]j, r, retain its outlet, 
and in the bird and otluM’ air-bri'atlicrs, 
it also commiiiileates Avith the air-pas- 
sage : having the tegument su]>eradde<l 
and modified, in most, as external nostril 
and nose. 

As in the Lizard and Snake (Vol. h 
fig. 444), so in the Bird, the four verte- 
hral segments constituting the head are . 
slioAvn by the emliryologieal characters 
ami course of formation of the ‘ maxil- 
lary’ arcK, figs, loo, 130, a, the ‘man- 
dibular arch,’ ib. />, the ‘hyoidean nrcM,' 
ib. e, and the scapular arch, ib. d. The transitory branchial artc- 
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ric.s, fig. 136, from the aortic bulb traverse the tissue between the 
hyoideau and scapular arches. 

The channels wliich return the blood from tlic vitellicle are 
tlie ‘ transverse ’ and longitudinal vitelline’ veins: the first arc 
so called because these trunks pass to the embryo at rlglit angles 
to its axis ; they are the largest returning channels : the longitu- 
dinal veins run parallel with the axis of the embryo and are of 
smaller size. The right anterior longitudinal vein, fig. 136, 7 ?', 
becomes the right ])rccaval and receives the remains of the 
right transverse vitelline vein, ib. .s‘, as tlic right vena azygos. 
The left anterior longitudinal vitelline vein, ib. /;, is also per- 
sistent as the left ])recaval, and enters in the mature bird, as in the 
embryo, the posterior or lower (sacral) part of the auricle. The 
left transverse vitelline vein, ib. r, is also subsc(iuently reduced, 
l)y receiving only the vertebral veins of that side, t, to the con- 
dition of a so-called ^azygos vein.’ The main trunk of the post- 
caval is the result of the returning channels from the abdominal 
viscera and the hind-limbs, at a later stage of developcment. 
Tlierc is but one principal posterior longitudinal vitelline vein, 
ib. (], which anastomoses with the left transverse vein as it enters 
the embryo: the homotype of the right side appears as one of 
ilie ordinary small tributaries of the right transverse vein. 

The auricle which by Ihe dilatation of the left side, ib. 
appears to be double, receives the venous blood at its right 
di\ islon. The left one, subsequently receiving the veins from the 
lungs, is ultimately separated IVom the left prccaval and right 
auricle to which that vein is condiu'-ted and restricted. 

The ventricular part of the heart, ib. v, at the second day of 
iucubation, is in the form of a bent tid)e, (nirving from behind 
downward, forward, to the right and uj)ward, c-ontinued insensibly 
into the part representing the ^aortic bulb,’ ib. /*, in which the 
septum first appears, ultimately dividing the ventricle into two. 

At this stage the piers of the maxillary arch, ib. a, ap])ear as 
buds from beneath the eyeballs ; the naso-j)remaxiIlary process, 
ib. /, is above their inters])ace ; the piers of the mandibular arch, 
ib. b, and those of the hyoldean arch, ib. c, c, follow in close suc- 
cession. The blasteinal base of the scapular arch, ib. d, d, sliglitly 
projects at the sides of the ^ fovea cardiaca : ’ the piers, now separate, 
ultimately* meet in front of the lieai^t, and accompany it in its 
retrograde course. 'Fhe mesencephalon, ib. ?//, is the largest 
segment of the brain, in connection with the eyeballs, e, 0 , 

When the heart has assumed its form, as such, distinct from 
the great trunks rising from it, the arteries from the base of the 
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ventricle appear, during the festal circulation of the chick, to he 
two; that to the right hi furcates, one division supplying the head 
and wings, the other winds over the right hronchiis : that to the 
left also liifiircates: its left division arches over the left; bronchus 
and anastomoses wdth the right arch a little below and behind the 
apex of the licart ; its right division arches over the back of the 
heart, bending rather to the right, and anastomoses Avith the right 
aortic arcli, just above the other Sluct us arteriosus.’ Each of 
these divisions of the left primary arterial trunk sends otf abrancli 
to its corresponding lung, and as the lung expands, and especially 
begins to act as such, toward the close of incubation, the blood is 
diverted into the judmonary vessels, and the channels bcloAV them 
shrink and (lisa])])car. The left ])rimary artery is retained as the 
trunk of thejndmonaries, and, through the changes in the interuir 
of the ventricle, this arises cx(dusiveiy from the ventricle answer- 
ing to the ‘ right ’ in Mammals, Avhilst the retained aorta rises from 
the ‘ left’ ventricle. It arches, however, over the right bronchus. 
There is no left aorta in birds distinct ( as in fig. 33»5, A, Vol. 1. 
p. 509) from the trunk (ib. p) which gives off the artery to the lef't 
lung: only one arterial trunk arises from the riglit ventricle 
instead of twin 

The air-eells begin at the lower point of the lungvS, like a small 
hydatid, and extend further and further into the abdomen, before 
tlie kidneys ; they are at first full of a fluid; as tliey extend, they 
arc, as it were, sfpieczed among the intestines and at last fill with 
lliem the whele abdomen. Soon after other air-cells are forming. 
Tlie lungs are, at first, free, as in Keptiles, but afterwards begin 
to be attached to the ribs and spine. In the female embryo we 

first ‘ observe two oviilucts, one on each 
side’ (as in fig. 127, #/); but ‘liefore 
hatching the right seems to decay.’ ' 
‘ There are two kinds of down on the 
chick, one long, A\duch comes first, about 
two or three days before liatehing; a 
second, or fine, down forms at the roots 
of the other.’ ‘ The little horny knob 
at the end of the beak, fig. 137, with 
which it breaks the shell when arrived 
at full time, is also gradually forming 
into a more regular and determinate 
point, the progress of wliich is seen from the first figure to the 
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sixtli.’ * As the contents of the egg hecome condensed by em- 
bryonal dev elopement, the air-ca\ity, fig. 130, /, expands. ^ The 
chick some time before birth has a kind of mixed action of life, 
for it breathes, and we can hear it pip and cliirp in the egg ; and 
we find the adult circidation tlirough and out of the heart is 
formed before birth : yet it is receiving its nourislimcnt from the 
remaining slime.’ ^ 

The ^ slime’ or albumen is reduced to the small mass adhering 
to the cicatrix of tlic vitclliclc, and with this and its yolk little 
decreased in bulk, it is taken into the abdomen, where it serves to 
nourish the chick in the first feeble days of its free life : the ])edfcle 
of the vitcllicle communicates with a loop of the small intestine. 
The allantois is left, lining the shell : the urachus is obliterated. 
The anus has a dorsal position near the hind end of the trunk in 
the nestlings, fig. 113, A. 

The degree of devclopemerit under which the young bird quits 
the egg differs in different groups of the class. It is naked or 
covered with down only, and is deixmdciit on the parents for 
shelter and suppoi't, in the orders IvArTOiJKS, Sc'AXSOUES, VoLf- 
TOUES, Cantoues, in tlie llasorial suborder G|'::\ht(>ues (Doves, 

9); ill the Grallatorial Cultriro.strcs (Herons, &:c. p. 9) ; in the 
iS’atatorial LoiuiipmuatcQ. (Gulls, &c. p. 9), and TotlpahmtUa 
(Pelicans, 8:c. ]). 9). The young liird is excluded well clothed 
and al)le to run or swim about and provide, food for itself in the 
suborder Gallinace.e, in the CuuSiiUKS, in the Natatorial 
Jlrevipennatce (Penguins, Awks, &c.) and Lawallirostres (Duck, 
(foose, &c.), and in all the Guaeeatoues save the Cnltrirostral 
group or part of it. Of these ‘ precocious ’ birds (^Prtiicovva) most 
are polygamous, and the females hateli many young ; Avhereas in 
the ^ nursing ’ groups (^Altrices) the species arc monogamous, and 
have few young. 

’ Three of the figures here referred to by Hunter are engraved in xx. vol. v, pi. 
Ixxvi. figs. IG, 17, 18. ^ Ib. p. xxvii. ** vjj-. ]i. 2G5. 
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CHAPTER XXV. 

CllAUACTEUS AND PlUMAliY GUOUrS OF TJIE CI.ASS 
MAMMALIA. 


§ 172. Chfii's Charaeters, — Mammals arc outAvardly disiiii- 
giuslicd by a coveimig of hair, entire or [)artial, and (with two cx- 
ce])tlous) by teats, tig. 138, wlumcc the 


name of the class. ^ zVll possess mammary 
glands and suckle the young : the embryo or 
fetus is develo])ed in the womb. The male 
has a penis, and impregnation is precctlcd 
by intromiv^sion. The lungs, fig. 139, /y, 
minutely cellular throughout, are sus- 
])cndcd freely in a thoracic (‘avity separatc<l 
by a musculo-tendinous partition or ^ dia- 
j)hragm,’ ib. V/, from the abdomen. 

Mammals, like Birds, have a heart, ib. 
7/, composed of two ventricles and two auricles, and have warm 
blood; llioy bi-eatlu*. (juickly; but inspiration is performed chiefly 



Xi'vv-lmni f«i'fns JUKI Ic.-ifs, K:ui- 
g.'iriio [Miirroinia 'major). 



lUf.-il section of a Mammalinii animal. 


))y the agency of the diaphragm ; and the inspired air acts only 
on the capillaries of the pulmonary circulation. 

* Mamma, a teat. The Moiiotrcmcs have mammary glands without teats. The 
fojtal Cetacea show tul’ts of hair on the muzzle. 
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The blood-discs are smaller than in Ilcptilcs, and, save in the 
Camel-tribe, are circular. The right auriculo- ventricular valve 
is membranous, at least never entirely fleshy ; and the aorta bends 
over the left bronchial tube. The abdominal aorta tcrmijiates by 
dividing beyond the kidneys into tlie iliac arteries, from which 
spring both the femoral and ischiadic branches: if continued 
beyond, it is as a caudal or sa(u*o-median artery. 

Tlie kidneys, ib. are relatively smaller and present a more 
compact figure than in the other ’Vertebrate classes ; their paren- 
chyme is divided into a (‘ortical and medullary portion, and the 
secreting tubuli terminate in a dilatation of the excretory duct, 
called the pelvis. They derive their secretion exclusively from 
the arterial system. Their veins,*connnen(?ing by minute ca]>il- 
laries in the renal parenchyme, terminate generally by a single 
trunk on ea(‘h side in the 


abdominal vena cava : they 
never anastomose Avith the 
intestinal veins. 

The liver, ib, /, is gone- 
rally divided into a greater 
miinber of lobes than in 
lllrds. The portal system 
is formed by veins derived 
exclusively from the spleen 
ami chylopoietic vis(!era. 
The cystic duct, when it 
exists, always joins the ho- 
])alic, and does not enter 
the duodenum separately. 
The pancreatic duct is com- 
monly single. 

The mouth is closed by 
soft flexible muscular lips : 


1 It) 



Skull i>E Dl-ct. 


the upper jaw is com[)osed 

of palatine, flg. 140 , 20, maxillary, 21, and premaxillary, 22, bones, 
and is fixed ; the lower jaw consists of two rami, formed each by 


one l)ony [)iece, ib. 30-.‘i2^ and articulated by a convex or flat con- 
dyle, ib. 20, to the squamosal, ib. 27, not to the tympanic, ib, 28 . 

The jaws of Mammals, with few exceptions, are provided with 
teeth. These are limited to the ])rcmaxilhiry, maxillary, and 
mandibular bones, and arc there arranged in a single row ; they 
are lodged in sockets, not anchylosed with the sul)stancc of the 


jaw. Only lii the present class arc teeth implanted hy two or more 
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fangs : when they are of limited growth, and usually molars : ever- 
growing teeth require the base to bo kept open for the persistent 
pulp. Some Mammals are ‘ monophyodont,’ * or have but one set 
of teeth: the majority are ^ diphyodont,’ ^ or have two sets: none 
have more. Tlic tongue is large, tieshy, with the apex more or 
less free. The posterior nares arc protected by a soft palate, and 
the larynx by an epiglottis, fig. 139, ep : the rings of tlie trachea 
are generally cartilaginous and incomplete behind: there is no 

a*, is continued without 
])artial dilatations to the 
stomach, ib. y, which va- 
ries in its structure accord- 
ing to the nature of the 
food, or the quantity of 
nutriment to be extracted 
therefrom. 

The vertebral bodies, 
fig. 141, c, are ossified 
from tliree centres, and 
j) resent lor a longer or 
shorter period of life a 
discoid epiphysis at each 
extremity. They arc ar- 
ticulated by concentric li- 
gaments with intcr|H)sed 
g;lairy fluid, fig. 199, form- 
ing Avhat arc called the 
intervertebral substances ; the articn biting surfaces are generally 
flattened, hut, in the neck of certain U ngulates, they are con- 
cave behind and com ex in front. The cervical vcrtchrte, in all 
Mammals save tw o, are seven in nuinhor, neither more nor less. 
The atlas is articulated by concave zygapopbyses to two convex 
condyles, wliicli are dcvelo]>ed from the neura})opbyses (exocci- 
pitals) of tlie last cranial vertebra. 

The scapula is generally an expanded [date of bone ; the cora- 
coid, wdth two (monotrematons) cxce])tions, a])]>ears as a small 
process of ibe sca])uhi. The sternum is usually narrow, and con- 
sists of a simple longitudinal scries of bones : the sternal ribs arc 
generally cartilaginous. The centrums of tAvo cranial ‘vcrtcbrie 
(basisj)henoid and pvcsjdicjioid) preserve their distinctness to a 
late period of groAvth, in the species where they ultimately 
coalesce. 

* once; 1 gonerute; oSujJs, tooth. - twice; and oSovy. 


inferior larynx. The <cso[)hagus, ib. 


141 



luinoar «>£ Wbalo. 
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The brain has a cerebellum with large lateral lobes, fig. 142, r/, 
and the grey superficies mucli folded ; the coimuissural fibres 
form, as they cross the under surfiice of the epenceplialoni, a defined 
tract or proininciiee called * pons Varolii,’ fig. 143, p. The optic 

142 14.-5 



lTm>or siirfiicc of br.'iiM, Dasyuro. lxx*. riitkr surface of ItniMi, 

lol)CS, fig. 142, c, are medial in position and divided by a transverse 
furrow. The cerebral lobes, ib. />, arc not only united by a round 


144 145 



krencoi)halous brain, WomV.at (I’ftascolomjis fusca). LXX*. «\.rrnr raJIustini, df fimvor. b.vx-. 


commissure, but by a ^ lyra ’ and hip])oeam]>al eorniniesui’e, fig. 
144, m ; from which is developed, in the inajority of the class, 
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a ^ corpus callosum ’ or fyroat commissure, fig. 145, /. The rliincn- 
ceplialon, fig. 142, is in contact with the prosencephalon, 
hy and sends off numerous olfactory nerves wliich. peiforate a 
^ crihrifoj’in ’ plate of the i)refrontal. 

§ 173. Mammalkm Suhdasses , — The ])rImarY subdivisions of 
the present class are characterised by conditions of the brain. ^ 
When the liemispheres are connected by the ^ round (amimis- 
sure ’ and ‘ hij>pocam])al commissure’ only, fig. 144, w/, this cerebj*al 
(jonditlon is associated with the absence of a vascular chorion or 
placenta, and with prematurely born young, compared Avilh the 
rest of the class (fig. 138 shows the natural size of the new-l)oru 
Kangaroo of the largest species). 

The cereliral hemispheres are usually Avithout folds, and leave, 
as ill fig. 142, the cerebellum, dy olfactoi*y lobes, and jiart of 

the oj)tic lobes, c, ex])osed. The sid)- 
<*lass so characterised is called La:kn- 
CKi iiALA.^ Mammals of this Ioav type 
c-"Cistcd as far back, in time, as the 
oolitic and triasslc ])eriods, , and arc 
tlie oldest knoAvn.-'* 

'[fhe next stage of complexity in the 
Mammalian brain is where the ‘ cor])us 
callosum,’ fig. 145, /, is present; but 
connects hemispheres as little ad- 
vanced in relative bulk or outAvard 
character as in tlie i)rceeding sub- 
class ; tlife surface being smooth, tig. 
14G, c, or with folds, in, the largest 
members of the groui), not more nu- 
merous or complex than in tlie larger 
Lyenee])bala. 44ie hemispheres, ib. 
Vipci- Apm, <*. lc!ivc tlie corcbolliini, e, </, and })aTt 

of the olfactory lul)es, /] exposed. 
Tlie subclass so characterised is called JjISSKNCKImiala.^ Jm tlie 
species Avith this condition of brain the testes remain in the 
abdomen, or are protruded into a temporary scrotum only at the 
breeding period, to be again retracted; in most there is a eommon 
external urogenital aperture : tlicre are tAvo precaval veins. The 
squamosal in most, and the tympanic in many, retain tlieu* primi- 
tive coiidilioii as distinct lioncs. The mbits have not an enlii’C 



' Lxviii*. nrid lxiv*. 
» xvir. p. 3:i8. 


2 Ai'w, I loopc ; xe'if aAos, bniin. lax*. 
’ Aicrrros, siij<K)tli ; t'yKi<pa\afSj bvilin. 
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rim of bone. Besides these general characters of affinity to Birds 
and Beptiles^ there Jire other striking indications of the same low 
position in particular orders or genera of the subclass. Such, 
o.g., arc tlie cloaca, convoluted trachea, su})crnuinerary cervical 
vertebrie and their floating ribs, in the Three-toed Sloth ; the irrita- 
bility of the muscular fibre, and persistence of contractile power 
ill the Sloths and some other Bruta ; the long, slender, beak-like 
edentulous jaws and gizzaixl of the Autcaters ; the imbricated 
scales of the equally edentulous Bangolins, which have both 
gizzard and gastric glands like the pro ventricular ones in Birds; 
the dermal bony armour of the Armadillos like that of loricated 
Saiirians ; the quills of the Porci^iine and Hedgehog ; the pro- 
vcntriculus of the Dormouse and Beaver; the jncvalence of 
disj)ro[) 0 ]*tionate developement of the hind-limbs in the Rodentia ; 
coupled, in the Jerboa, Avith confluence of the three chief meta- 
tarsals into one bone, as in Birds ; the keeled sfevnum and wings 


147 



Upiicr ffiirf.-K’c. IJ.iiiO. 


Ilraiii of Lemur tordifjrtujiitd. LXi.v. 


of the Bats ; the a])titudc of the CltcinrpRra, Lfsecfhwra, and 
certain Rodentia to fall, like lUqitiles, into a state of tor[)idity, 
associated Avith a corresponding faculty of the heart to circulate 
carbonised or black blood: — these, and the like indications of 
co-affinity Avith the Lyencepluda to the Oviparous air-breathing 
Vertebrata, concur Avith the cerebral character in demonstrating 
the loAv position of the Lisscncephala in the ManmiaHan (;lass. 

The third leading modification of the Mammalian brain is sucli 
an increase in the relative size of the cerebrum, fig. 147, h, that 
it extends over half or more of the ccrebelluin, and of the 
olfactory lobes. Tlie surface of the liemisjihcrcs may be smooth, 
or AAuth fcAv and simple folds, in the smallest sjiocies; but, as 
a rule, it is tlisposcd in many gyri or convolutions, fig. 148, 
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whence the name G yrencei*iiala,* proposed for tins third sub- 
class of Mammalia. 

In this subclass, there are no such marks of affinity to the 
Oviparous Vertebrates as have been instanced in the preceding. 
The testes are concealed, in adaptation to aquatic life, in Cetacea; 
but, in the rest of the subclass, with the exception of the Ele- 
phant, they pass out of the abdomen, and the Gyrenccphalous 

quadrupeds, as a general ride, 
have a scrotum. The vulva 
is externally distinct from the 
anus. With the exception, 
again, of the Ele])hant, the 
blood from the head and ante- 
rior limbs is returned to the 
right auricle by a single pre- 
caval trunk. The IVIannna- 
lian modification of the Ver- 
tebrate type attains its high- 
est physi(!al ])crfcctions in 
the Gp'encqjhahf as mani- 
fested by the bulk of some, 
by the destructive mastery of 
others, by the address and 
agility of a third order. And, 
through tlic superior psycho- 
logical 1‘acultics — an adaptive 
intelligence predominating over blind instinct — whixh are asso- 
ciated with the higlier dcA C- 
lopcment of the brain, tlie 
Gtjrenayphala supj>]y those 
species whicli have ever 
formed the most cherished 
companions and servitors, 
and the most valuable sour- 
ces of wealth and power, to 
Mankind. 

In Man the brain presents 
an ascensive step in devc- 
vi’rti« :ii H oti.iii of iiio biMiii of iiio orriiig.-ptaii. loneiuent, hij^hei’ and more 

lAllcr W, Vn;lik.) Half nut. sizo. 1 ‘ 

strongly marked than that by 
which the preceding subclass was distinguished from the one below 
it. Although in tlie highest the cerebrum, figs. 14Sj 

’ I wiiitl about; iyK4<f>u\oif brain, lxiv.* 
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149, h, may extend over the cerebellum, dy in Man not only do the 
cerebral hemispheres, fig. 149, overlap the olfactory lobes and cere- 
bellum, dy but they extend in advance of the one,andfiirtlicr back 
than the other. Their posterior developeinent is so marked, that 
anatomists have assigned to that part the character of a third 
lobe ; it is peculiar, with its proportionally developed posterior 
yentricular horn and Miippocampus minor,’ to the genus Homo} 
Concomitantly with the correspondingly^devcloj)ed anterior lobes 
of the cerebrum, the ventricle is, indike mannei^ produced into a 

* Kuhl in Aides Belzehutht'^ Tictleinann in the Macacque ’’ and Orang,® Vrolik in 
the Chimpanzee,*^ and myself in the Gorilla,® have severally shown all the homologous 
parts of the human cerebral organ to exist, under modified forms and low grades of 
dcvclopcmcnt, in QuaJrumana. 

Kuhl rightly characterises the homologue of the posterior cornu, wliieli he found 
in a platyrrliine monkey, * Aufang dcs hintern, dritten Horns dcs Seiteuventri- 
ccls ’ (op. cit. p. 70) — ‘ the beginning of the posterior or third horn of the lateral 
ventricle.’ Ticdemann, with equal accuracy, defines the answerable part in tliceatar- 
rhino (piadrumana, as, ‘ Scrobiculiis parvus loco cornu posterioris * (op. cit. p. 14). In 
regard to the posterior cornu in the brain of the Orang he is silent as to any ‘ hippo- 
campus minor.’ It exists, however, in the condition described by Vrolik, in that Ape 
and in the Chimpanzee, as ‘ unc eminence que nous croyoiis avoir le droit do nommer 
indice do pcs hipj)ocami)i minor’ ( Versl. en Mededed. der Kon. Akad. 1862, p. xiii.) 
These ‘ beginnings ’ and ‘ indications* of structures which reach their full dcvclopcmcnt 
in ^[iin in no way aflect the value of the latter as zoological cliaractcrs. In propound- 
ing them as such to tlie Janmeari Society in 1857, I rorl)orc to eneninber my menioir 
witli reference to facts known to all who possessed the elements of Comparative Ana- 
tomy. Tiedomann’s definition was the accepted one : — ‘ Pedes hippocampi minores 
vol ungues, vel calearia avis, qum a posteriore corporis callosi tanquam processus duo 
incdiillarcs proficiscuntur, impie fundo cornu posterioris plicas gracilcs ct rctrollcxns 
I'oiinant, in ccrehro Siuiiarum desunt ; ncc in cerebro aliorum a me examinatorum 
mammalium occurrunt ; Honuni ergo proprii sunt.’ (Ib. p. 51.) *In like manner 
Cuvier had characterised the species of his order Quudrumana as having, ‘ Poucc 
lii)re ot opposable an lieu du grand orteil.’ And he rightly affirms : ‘ L’homme est 
lo sen! animal vraiinent bimane ct hipide.' Animal^ i. p. 70.) To adduce 

beginnings of structures in one group which reach their full devclopcment in another, 
as invalidating their zoological application in such higher group, is puerile ; to repro- 
duce the facts of such incipient and indicatory structures as new discoveries is ridicu- 
hnis ; to represent the statement of the zoological character of a higher group as a 
denial of the existence of homologous parts in a lower one is disgraceful. Mr. Flower 
was not the first to see in the hippocampal commissure the beginning of the corpus 
callosum ; the homologues of ‘cornu postcrius’ and of 'hippocampus minor* were 
known in the Orang before Prof. Rolleston ; and the homologies of the bones of the 
hind foot in mammals had been determined before Prof. Huxley propounded them to 
show that the hind thumb of the Ape was a great toe, and that Man was not the only 
animal who possessed two hands and two feet. 

* Bcifriigc yur Zoologic und verglcii hcnden Anatomic, 4to, 1820, zweite Ahthei- 

hiiig, p. 70, tab. vii. fconcs cerebri Simiannn, fol. 1821, p. 14, fig. iii. 2. 

IVevirrtnus, Zeitschrift fiir Physiologic, Bd. ii. s. 25, Taf. iv. Nieiiwc Ver- 

handl ungen dcr erste Klasse vom bet Kbningl. Nederhindsehc Institut. Amsterdam, 
1849. « Fullcrian Lcctui'cs, Royal Institution (March 18, 1861), reported, with 

copies of diagrams, in ‘ Athenmum,’ March 2.3rd, 1861, p. 395. 

VOL. 1 1, T 
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liornlike form, in advance of the ^ corpus striatum.’ Tlie supci - 
ficial grey matter of the cerebrum, through the number and depth 
of the (ton volutions, attains its maximum of extent in Man. 

Peculiar mental powers arc asscjciated with this highest form of 
brain, and their consequences strikingly illustrate the value of 
the cerebral character; according to my estimate of which, I am 
led to regard tlie genus Iloino as not merely a re|)rcsentative of 
a distinct order, but of a distinct subclass of the Mammalia, /‘or 
which I liavc [>rof>osed the name oi^Auciih:xCEVJTAL.i'^ 

150 



Vortical section ol tlio a-lulD Imman brain, f After AnioUl.) Half natuTal si/e. 


With this jwclimiuary definition of the organic character-, 
which guide to a conception of the natural primaiy groups of the 
(hiss ManiDmlia^ 1 next proceed to define those of secondary im- 
portance, or the subdivisions of the foregoing suliclasscs. 

§ 174. Characters of Orders . — In tlie Lyencctdialous Mammalia 
some have the optic lobes less definitely divided intV) ^corpora 
quadrigemina ’ than others. Those with the more simple ot>t^<' 
lobes are ^ edentulous ’ or without calcified teeth, are (ievoid of 
oxterual ears, scrotum, nipples, and oviducal fimbriic ; they ar(i 


&OXM, I overrule; brain. 
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true ^ testicoTula/ and are ovovivlparoiis, fig. 151 : 
coracoid bone extending from tlie scapula to the 


they have a 
steriiiiin, and 


151 



un, ilis: 


also an epicoracoid and episteriium, as 
In Lizards; they are uiiguiciilate and 
pcntadactyle,^ with a siipplcmentary 
tarsal bone supporting a perforated st)ur 
in the male. Tlic order so character- 
ised is called ^ M'onotiikmata/ in refer* 
ence to the single excretory and gene- 
rative outlet, which, however, is not 
pccuHar to them among Mammalia. The 
Monotremes are insectivorous, and are 
limited to Australia and Tasmania; 
where they are represented by the Pla- 
lypiis or Duck-Mole {Orruthorhjn<:hus\ 
and by the Spiny Anteatcr (Echidna), 

The Maksupialia are Mammals distinguished by a peculiar 
])Ouch or duplicaturc of the abdominal integument, which in the 
males is everted, forming a ])enduloiis bag 
containing the testes, and in the females is 
in^'erted, forming a hidden pouch containing 
the nij)])les and usually sheltering the young 
for a certain period after their birth : they 
liavc the marsu|)ial bones, fig. 152, in 
('oininon with the Monotremes; a much-varied 
dentition, especially as regards the number of 
incisors, hut usually including four true nu)- 
hirs ; and nevermore than tlirce prcmolars : the 
angle of the lower jaw is more or less inverted. 

With the exce]:)tioTi of one genus, Dkhdphi/s, 
which is American, all the known existing 
iMarsupials arc Melanesian, i. c. belong to 
Australia, Tasmania, Ne^v Guinea, and some 
adjacent isles. The grazing and bro\vsing 
Kangaroos arc rarely seen abroad in full day- 
light, save in dark rainy weather. Most of 
tlie Marsupialia are nocturnal. Zoological 
wanderers in Australia, viewing its plains and scanning its scrubs 
by broad dj^^^yliglit, are struck by tlic seeming absence of mam- 
nialian life ; but during tlic brief twilight and dawn, or by the 
light of the moon, luuncroius forms are seen to emerge from their 
hi(ling«plac(?s and illustrate the variety of marsupial life with 
"hleli many parts of the continent abound. W (3 may associate 



vfr? and Tuar!?ui>ial binics, 
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with their low i)Osition in the mammalian scale the prevalent 
habit amongst the Marsupialia of limiting the exercise of tlve 
fiiculties of active life to the period when they are shielded by 
the obscurity of night. 

The Lissencephala or smooth-brained Placeiitals form a group, 

equivalent to the Lyeiicephala oi* 
Iniplacentals, and include the fol- 
lowing orders, Rodentia^ Irisecti- 
vora^ Cheiroptera^ and Brutn, The 
lloDENTiA are characterised by 
two large and long curved incisors 
in each jaw, fig. 153, z, separated by 
a wide interval from the molars ; 
and these teeth are so constructed, and the jaw is so articulated, 
as to serve in the reduction of the food to small particles by 

ir>i 
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rforoinys V'olucella. 


acts of rapid and continued gnawing, whence the name of the 
order. The orbits, ib. o, are not separated from the tem- 
poral fossm. The testes pass periodically from' the abdomen 
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into a temporary scrotum, and are associated with prostatic and 
yesiciilar glands. The placenta ik commonly discoid, but is some- 
times a circular mass (Cavy), or flattened and divided into three 
or more lobes (Lepus). The Beaver and Capybara are now the 
giants of the order, which chiefly consists of small, numerous, 
prolific and diversified unguiculate genera, subsisting wholly or 
in part on vegetable food.* Certain squirrels achieve short 
flights by means of expansions of ^skin between the fore and hind 
limbs, fig. 154. Some Lemmings perform remarkable migrations, 
tlie impulse to which, unchecked by dangers or any surmountable 
obstacles, seems to be mechanical. Many Rodents build very 
artificial nests, and a few manifest their constructive instinct in 
association. In these inferior psydiical manifestations we are 
reminded of Birds. Many 
Rodents hibernate like Rep- 
tiles. They are distributed 
over all continents. They 
have not been found in older 
deposits than eocene tertiary. 

The transition from the 
Marsupials to the Rodents 
is made by the Wombats; 
and the transition from the 
Marsupials is made, by an 
equally easy step, through 
the smaller Opossums to the 
IxSKCTivORA. This term is 
given to the order of small 
smooth-brained Mammals, the 
molar teeth of which arc 
bristled with cusps, fig. 150, 
j}y and arc associated with 
canines and incisors : they arc 
unguiculate, plantigrade, and 
j)entadactyle, and they have complete clavicles. The testes pass 
periodically from the abdomen into a temporary scrotum, and are 
associated with large prostatic and vesicular glands : like most 
other Lissenccphala^ the Inscctivora have a discoid or cup-shaped 
placenta. * Their place and office in South America and Australia 
are fulfilled by Marsupialia; but true Inscctivora exist in all the 
other continents. 
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TIic order CrrErRorTEBA, 'with the exception of the modifica- 
tion of their digits for supporting the wide webs that serve as 
wings, fig. 15fi, re])eat the chief characters of the Insectivora; but 
a few of the larger species are frugivorous and have con’esponding 
modifications of the teeth and stomach. The maramie are pectoral 
in position, and the penis is pendulous, in all Cheiroptera. 

Tlie most remarkable examples of periodically torpid Mam- 
mals arc to be found in the terrestrial and volant Insectivora. 
The frugivorous^ Bats differ mucli in dentition from the true 
Cheiroptera, anil would seem to conduct, through the Colugos 
or Flying Lemurs, directly to the Quadruinanous order. The 
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Cheiroptera are cosmopolitan. They have not been found in 
older deposits than eocene tertiary. 

The order Bruta {Edadnta of Cuvier) includes two genera 
which arc devoid of teeth, figs. 157 and 158 ; the rest possess those 
organs, whiih, however, have no true enamel, are never displaced by 
a second scries, and are very rarely implanted in the [)reinaxillary 
bones. All the s|)ccies have very long and strong cljiws. The 
ischium as well as the ilium unites with the sacrum; the orbit is 
not divided from the temporal fossa. Besides the illustration (d 
affinity to the oviparous Vertebrata which the Three-toed Sloths 
afford by the supernumerary cervical vertebrjc supporting false 
ribs and by the convolution of the windpipe in the thorax, it nuty 
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be remarked that the unusual number — three and twenty ])air 3 — 
of ribs, fonning a very long dorsal, with a short lumbar, region of 
(he spine in the Two-toed Sloth, recalls a lacicrtiue structure. 
Tlie same tendency to an inferior type is ^slunvn by the abdominal 
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testes, the single cloacal outlet, the low cerebral developemcnt in 
all Brufch by the bony scutes of the Armadillos and the horny 
s(tales of the Pangolins, fig. 158 ; by the abscjice of mcdnllary 
canals in the long bones in the Sloths, and by the great tenacity 
ol'life and long-cndnring irritability of tlic muscular fibre, in botli 
the Slotlrs and Antcaters. 

The order Bruta is but scantily represented at iJic present 
period. One genus, Mauls or Pangolin, is common to Asia and 
Africa; the Orijcteropus is peculiar to South Africa; the rest of 
the order, consisting of the genera Mijrmcarphaifa^ oi* true Ant- 
eaters, JJasppus or Armadillos, and Iln/dt/pua or Sloths, are con- 
fined to South America. The earliest known fossil of this order 
is of mioceiic age,‘ 
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Skeleton of Sc.-ily Antcaicr {Manis), Lxxiir. 


In j)rocceding to consider the subdivisions of the Gyvcnceplmla, 
wo seem /it first to descend in the scale in meeting with a group 
of animals in that subclass, having the shape and life of Fishes; 
but a higli grade of nnimmalian organisation is masked beneath 
this form. Tlie Gyrcnceplmla arc primarily subdivided, accord- 
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Skeleton of Iliglit Whale {Dalma luyaticeim. 
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VEHTEBRATES. 

ing to modifications of the loco- 
motive organs, into three series ; 
viz. Mutilata^ Unfjulata, and Un^ 
guiculata^ the maimed, the hoofed, 
and the clawed series ; and these 
are of higher value thaii the or- 
dinal divisions of the Lissencc- 
phala ; just as those orders are of 
higher value than the representa- 
tive families of the Marsujnals. 

The Mutilata^ or maimed 
Mammals with folded brain, are 
so called because their hind-limbs 
seem, as it were, to have been 
amputated, fig. 159, fifi ; they pos- 
sess oidy the pcetoial ])aiv of 
limbs, and these in the form of 
fins, ib. 54 : tlie hind end of the 
trunk expands into a broad, hori- 
zontally flattened, tegumentary 
caudal fin. They have larg(i 
brains with many and deep con- 
volutions, are naked, and have 
neither neck, scrotum, nor ex- 
ternal ears. Like the wino-less 

o 

group among Birds, the present 
includes s|)ccies allied to, or de- 
rived from, different types. 

The first order, called Ceta- 
cea, in this division are either 
edentulou^s, fig. 159, or mono[)hy- 
odont: thclatter have teeth of one 
kind and usually of conical sha])C : 
the pectoral digits, ib. IIT., may 
have more than three phalanges. 
They are testiconda and have no 
^ vcsiculae seminal es.’ The mam- 
mvo are pudendal ; the placenta 
is diffused ; the external nostrils 
— single or double — arc on the 
top of the head, and called spi- 
racles or ‘ blow-holes.’ They, for 
the most part, range the ocean ; 
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though With certain geographical limits as respects species. They 
teed on fishes or marine animals. Some undoubted Cetacean 
fossils are of eocene age : and there are indications of the order 
in the upper oolitic period.^ 



Dontitlou of Dugonff (Ilalkorc). v. 


The second Mutilate order, called Suienia, Iiavc tectli of differ- 
ent kinds, incisors, fig. 160, which are preceded by milk-teeth, 
d 2 , and molars, m, with flattened or 
ridged crowns, adapted for vegetable 
food. No digit has phalanges in 
excess of the mammalian number, 
three. The nostrils arc two, situated 
at the ii])pcr part of the snout ; the 
li})s arc beset A^dth stiff bristles ; the 
nuiminaj arc pectoral ; tlie testes arc 
abdominal, but are associated wdth 
vesicuhe scminales. The Sirenia 
exist near coasts or ascend large 
rivers ; broAvsing on fuci, Avater 
plants, or the grass of tlie shore. The oldest knoAvn Sirenian is 
of iniocene age. There is much in the oi’ganisation of this order 
that indicates its aflinity to members of the succeeding division. 

In the; Ungulata the four limbs are present, but that portion of 
the toe Avhich touches the ground is incased in a hoof, figs. 162 
and 163, A\diich blunts its sensibility and deJ)rive^s the foot of 
prehensile poAver. AVitli the limbs restricted to support and 
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locomotion, tlic Ungiilata have no clavicles f the fore-leg is prone : 
the molar teeth are massive, with inflected %lds of enamel: they 
feed on vegetables. ^ 

A rcmarkal)lc order, most of the members of which have passed 
away, is characterised by two incisors in the form of long tusks ; 
in one genus {^Dhiothmiuri) projecting from the under jaAV, in 
another genus {Elephas) from the upper JaAv, fig. 102, z, and 
in some of the species of a third genus (Mastodon) from 
jaws. There arc no canines; the molars are few, large, and 

162 



transversely ridged, fig. 161 , the ridges sometimes few^, somc- 
tiinos mammillatc, often numerous and with every intermediate 
gradation. The nose is prolonged into a cylindrical trunk, 
flexible in all directions, highly sensitive, and terminated by a 
prehensile appendage like a finger, fig, 162 , n ; on this organ is 
founded the name PnonosciDiA given to the order. ‘ The feet 
arc pentadactyle, 1)ut the digits are ontw^ardly indicated only by 
dmsions ol‘ the hoof ; the testes are abdominal ; the placenta is 
annular : * the inamnne arc pectoral. 

' Besides tlic aiinulsvr pljiceiita tlicrc is a subcircuJiir villous patch nt each pole of 
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The present order , rests with the Ungulata mainly upon hs 
lioofs : the dentition and some other particulars of the organisa- 
tion of the Elephant, indicate an affinity to the llodentia: the 
abdominal testes, the two precavals and exposed cerebellum, are 
characters of the inferior subclasses : but the cerebrum, concomi- 
tantly with the bulk of the mammal, is large and well convoluted, 
and the psychical qualities cori-cspond. The 
earliest known evidences of Probc^scidian Un- 
gulates arc from miocene strata. 

The typical Ungulate quadrupeds are di- 
vided, according to the odd or even number of 
the toes, into Perissodactyla and Autio- 
DACTYLA.^ In the former the hoofs may be 
one (Horse) or three {Rhinoceros, fig. 163): 
in the latter the hoofs may be two (Giraife), 
or four {Ilipjw'iwfawus), or two functional and 
two rudimental (most Huminants, fig. 164). 

In the Pcrissodactylc Ungulata — odd-toed 
ill regard tc the hiud-(bot in all, and with the 
fore-foot iinsymmetrically tctradactylc in the Tapir — the dorso- 
lumbar vertcbric, fig. 165, c, d, differ in number in different species, 
but are never fewer than twenty-two; the femur has a third 
trochanter, ib. 65 ; and the medullary artery 
penetrates the back-part of its shaft. Tlie 
forc-jiart of the astragalus is divided into two 
very unequal facets. The os magnum and the 
digitus medius Avhich it supports arc large, in 
some dispro])ortionatcly so, and the digit is 
symmetrical; the same applies to the ectocu- 
neifonn and the digit ndiich it sup])orts in the 
hind-foot. If the species be horned, the horn 
is single : or, if there be two, they arc placed 
on the median line of the head, one behind the ni-Miiuiyioiionfod limi. 

Uma Ifjj, Aut,cJ(»i)0. 

oflier, each being thus an odd horn, i he nasals 
expand posteriorly.^ There is a well-developed post-tympanic pro- 
cess which is separated by the true mastoid from the ])aroeci[)ital 
in the Horse, but unites with the lower jiart of the jiaroccipital 
ill the Tapir., and seems to take the place of the mastohi in the 
llliinocerbs and Hyrax. Tlie hinder half, or a larger jiroportion 

the chorionic bag, by which it derived additional attaclimcnt to the utcruf?, in the 
Elephant. LXiir. p. 347, pi. xvi. 

’ Erom irepi<rfioHKTv\oij qni digitos habet iinparcs numcro ; and &pTU)s, par, 
BdKTv\os^ digitus. LXXi. p. 398. 



IG.*] 



hoofed li 
lliiul llhinf)cerotf. 



284 


ANATOMY OF VERTEBRATES. 


of the palatines enters into the formation of the posterior nares, the 
oblique aperture of which commences in advance either of the last 
molar, or, as in most, of the penultimate one. The pterygoid 
process has a broad and thick base, and is perforated lengthwise 
by the ectocarotid. The crown of from one to three of the hinder 
premolars is as com[)lcx as those of the molars : ' that of the last 
lower milk-molar is commonly bilobed. To these osteological and 
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dental characters may be added some important modifications of 
ijiternal structure, as, c.g., the simple form of the stomach and the 
capacious and sacculated cajcum, which equally evince tlic mutual 
affinities of the Perissodactyle hoofed quadrupeds, and their claims 
to be regarded as a natural group of the Umjulata, Tlie placenta 
is refdaced by a diffused vascular villosity of the chorion in all the 
recent genera of this order, excepting the little Ilyrax^ in which 
there is a localised annular placenta, with decidua, as in the 
Elephant. But the difliised placenta occurs in some genera of 
the next group, showing the inapplicability of that character to 
exact classification. The oldest known Perissodactyles are from 
the lowest tertiary strata. Many extinct genera, e.g. Coryphothm, 
Plioloplcus^ Lophiodoiiy Tapir otherium^ Palmotheriim, Aricitherium, 
Ilipparion, Accrotherinm, Plasm other him, &c., have been dis- 
covered, wdiich once linked together the now broken series oi 

* Some early tcriiary extinct forms (Pliolophus, Cvrf/phodony Lophiodon) offered 
exceptions to this rule. ’ 
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Perissoclactylcs, represented by the existing genera Rhinoceros, 
Ihjrax, Tajnrus, and Equus. 

In the even-toed or ^ artiodactyle ’ Ungulates, the dorso-lumbar 
vertebras are the same in number, as a general rule, in all the 
species, being nineteen, fig. 166, d, L Tlic vertebral formulas of 
the Artiodactyle skeletons show that the difference in the number 
of the so-called dorsal and lumbar vcrtebric does not affect the 
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number of the entire dorso-lumbar series : thus, the Indian Wild 
Boar has d, 13, /, 6 = 19; the Domestic Hog and the Peccari 
have d, 14, L 5 = 19 ; the Hippopotamus has d. 15, L 4 = 19 ; the 
Gnu and* Aurochs have d, 14, /. 5= 19 ; the Ox and most of the 
true Ruminants have d. 13, I, 6=19; the aberrant Ruminants 
have d, 12, L 7 = 19. The natural character and aflSnities of the 
Artiodactyle group are further illustrated by the absence of the 
third trochanter in the femur, ib. C5, and by the place of perfora- 
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tion of the medullary artery at the fore and upper part of the 
shaft, as in the Ilippojwjtaiiius, the Hog, and most of the Kumi- 
nants. The fore part of the astragalus is divided into two 
equal or sub-equal facets : the os magnum does not exceed, or 
is less than the uncifornie, in the carpus; and the ectocunei- 
fonn is less, or not larger, than the cuboid, in the tarsus. The 
digit answering to the third in the pentadactylc foot is unsymme- 
trical, and forms, with that answering to the fourth, a symmetrical 
pair. If the species be liorned, the lioi*ns form one pair or two 
j)airs ; they are never develo])ed singly, of symmetrical form, from 
the median line. The post-tympanic does not project downward 
distinctly from the mastoid, nor siipereede it, in any Artiodactyle ; 
and the paroccipital always exceeds both those ])rocesses in length. 
Tlie bony palate extends further back than in the Perissodaety les ; * 
the hinder aperture of the nasal passages is more vertical and 
commences posterior to the last molar tooth. The base of the 
])terygoid process is not ])erf()rated by the cctocarotid arteiy. 
The crowns of the premolars arc smaller and less complex than 
those of the true molars, usually representing half of sucli crown. 
The last milk-molar is trilobed. 

To these osteological and dcjital characters may be added some 
modifications of internal structure, as, c.g., the complex form of 
the stomach in the Hippopotamus, l^cccari, and Ivuminants ; the 
comparatively small and simple cajcum and the spirally folded 
colon in all Artiodactylcs. The placenta is diffused in the 
Camel-tribe, Chevrotains,^ and Xon-ruminaiits ; Is cotylcdonal in 
the true lluminants. The oldest known Ailiodactyles Avere non- 
ruminants, and from eocene beds. Many of the extinct genera., 
e. g. Chcaropota/imis, Anthracotheriumy HyopotamuSy Entelodon, 
Dichodoriy Merycopntamnsy Xiphodony Dichohuncy Anoplotheriuwy 
Micr other iumy &c., linked together the now l)roken series of 
Artiodactylcs, represented by the existing genera, llippopotamriSy 
SuSy Dicotylesy Camelus, Auchenidy MosdmSy CamelojuirdaiiSy 
CervuSy Antelopey Ovisy and Bos, 

A Avell-markcd, and at the present day very extensive subor- 
dinate group of the Artiodactylcs, is called Rimiinantiay in refer- 
ence to the second mastication to which the food is subject after 
having been sw^al lowed ; the act of riunination requiring a pecu- 
liarly complicated form of stomach. The lluminants Jiave the 
^ cloven foot,’ i.e. two hoofed digits on each foot forming a sym- 
metrical pair, as by the cleavage of a single hoof; in most species 
two small supplementary hoofed toes are added, fig. 166, 

> Lxxr. p 39S. ccxxxvi*. vol. ii. p. 135; amliLXxn*. 
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The metacarpals of the two functional toes coalesce to form a single 
^ cannon-bone/ fig. 166, 57 , as do the corresponding metatarsals, 
ib. 69 . The Camel-tribe have 
the upper incisors reduced to a 
single pair ; in the rest of the 
Ruminants the upper incisors 
are replaced by a callous pad, 

Bo’S. 167, 168. The lower ca- 
nines, fig. 168, c, are contiguous, 
and, save in the Camel-tribe, 
similar, to the six lower inci- 
soivs, forming part of the same 
terminal series of eight teeth, 
between which and the molar series there is a wide interval. The 
true molars have their grinding surface marked l)y two double 
crescents, the convexity of which is turned inward in the ui)per, 
fig, 168, *, and outward in the under jaw, fig. 169, *. 

168 16 !) 





Iliiiuiiiiiiil, ilcntitioii, Sht'cp. 

Many fossil Artiodactyles, Avith similar molars {D/rhodo??., 
Microtherhirny &c.), ajipcar to have diflei*ed from the exisling 
Ruminants chiefly by retaining structures which in them are 
transitory^ and embryonic, as, e.g., upper incisors and canines, 
first preinolars, and separate metacarpal and metatarsal bones; 
these are among the lost links that once connected more intimately 
the Ruminants Avith the Hog and Hippopotamus. 

The third ^llvision of the Gyrencephala enjoy a higher degree 
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of the sense of touch through the greater number and mobility 
of the digits, and the smaller extent to which they are covered 
by horny matter. This substance forms a single plate, in the 
shape of a claw or nail, wliich is applied chiefly to one of the 
surfaces of the extremity of the digit, leaving the other, usually 
the lower, surface possessed of its tactile faculty, fig. 170; whence 
the name Unguiculatay which, in the present classification, is re- 
stricted to this group. All tlie species are ^ dipliyodont,’ and the 
teeth have a simple investment of enamel. 
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rngiilcuJate liirib* Lioti. Carnivorous dentition, Rear. 


The first order, Carnivora, includes the beasts of prey, pro- 
perly so called. With the exception of a few Seals, the incisors, 
fig. 171, /, are in number; the canines, ib. c, always 
longer than the other teeth, and usually exhibiting a full and 
perfect developemcnt as lethal weapons ; the molars, ib. />, vi, 
graduate from a trenchant to a tubcrculatc foini, in proportion as 
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the diet deviates from one strictly of flesh to one of a more mis- 
cellaneous kind. The clavicle is rudimental or absent ; the inner- 
most digit is often stunted or absent; there are no vesicula) 
seminales ; the teats are abdominal ; the placenta is zonular. The 
Carnivora are divided, according to modifications of the limbs, 
into ^ pinnigrades,’ ^plantigrades,’ and ^ digltigrades.’ In the 
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Pinnigraclcs (Walrus, Seal-tribe) both fore aiiiS' hind feet are short, 
and expanded into broad, webbed paddles for swimming, fig. 173, 
the hinder ones being fettered by continuation of integument to 
the tail, fig. 172. In the Plantigrades (Bear-tribe) the wliole or 
nearly the whole of the hind foot, fig. 174, forms a sole, and rests 
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on the ground. In the Digitigrades (Cat-tribe, Dog-tribe, &c,) only 
the toes touch the ground, the lieel, c*Z, being much raised, fig. 175. 

It has been usual to place the 
Plantigrades at the head of the 
Carnivora, apparently because 
tlie higher order, (iuadrumana, is 
jilantigrade ; but the affinities of 
the Bear, as evidenced by inter- 
nal structure, c. g. tlie renal and 
genital organs, are closer to the 
ISeal- tribe; the broader and flat- 
ter pentadactylc foot of tlie planti- 
grade is nearer in form to the 
flipper of the Seal than is the 
more perfect digitigrade, retrac- 
tlle-clawed, long and narrow hind 
foot of the feline quadruped, 
which* is the highest and most 
typical. of the Carnivora. The 
oldest known species of the order 
are of eocene tertiary date. 

The next perfection which is 
superinduced upon the unguiculate limb is such a modification 
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in the size, sha|5i|- position, and direction of the innermost 
di^t, that it can be opposed, as a thumb, to the other digits, 
thus constituting what is termed a ^ hand.’ Those Unguiculates 
which have botli fore and hind limbs so modified, or at least 
the hind limbs, figs, 176, 180, form the order Quabkumana. 
The incisors are commonly and the molars broad and 
tubcrculate; they have perfect clavicles, an os penis, pectoral 
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I’clvlc limb, Aiio. Dentition of Woolly Lemur. 


maimme, vesicular and prostatic glands, a simple or slightly bifid 
uterus, and a discoid, sometimes double, placenta. The Quadni- 
mana have a well-marked threefold geographical as well as 
structural division. The Strepsirhines arc those with curved or 
twisted terminal nostrils, with much-modified incisors, commonly 
premolars Lichanotus, fig. 177, or in number, and 
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molars with sharp tubercles ; the second digit of the hind limb 
lias a claw. This group includes the Galagos, Pottos, Loris, 
Aye- Ayes, Indris, and the true Lemurs ; the three latter genera 
being restricted to Madagascar, whence the grou^i^ diverges in one 
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direction to the continent of Africa, in tli^" other to the Tiidia 


Archipelago. The Platjrhines are Quadrumana with the nostrils 
simple, subterminal, and wide apart ; premolars ~ in number, the 


molars with blunt tubercles, 
fijT. 178 ; the thumbs of the 
fore-hands not opposable, or 
wanting ; the tail in most pre- 
hensile ; they are peculiar to 
South America. The Cata- 
rhines have the nostrils oblique 
and approximated below, and 
opening above and behind the 
^ muzzle : the preinolars arc ~ 
in number, fig. 179; the 
thumb of the forehand is op- 
posable. ' They are restricted 
to the Old World, and, save 
a single species on the rock 
of Gibraltar, to Africa and 
Asia. The highest organised 
family of Catai'hines is tail- 
less, and offers in the Gorilla, 
or, as some contend, the Sia- 
mang, fig. 180, the nearest 
approacli to the human type. 

In all the tailless Apes the 
pelvic limbs arc short, and, 
like the longer pectoral ones, 
are organised for grasping. 
The pelvis is long and nar- 
row ; the spine shows one 
curve, and articulates with 
the hinder part of the skull. 
There is a sexual distinction 
in the teeth, the canines being 
long and laniariform in the 
males. All Quadrumana are 
clothed with hair. The oldest 
known species of the Qua- 
drumanous order are of mio- 


iso 


) 



cene date. Quadrumanous skeleton, Shimatijr {Tlylobatea 

syndaclylus), 

ihe structural modifica- 
tions in the genus Homo , — sole representative of tlic Archenccjfhah^ 


u 2 
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— mote especially those of the pelvic limbs, by which the erect 
stature and bipedal gait are maintained, — are such as to claim for 
Man, on merely external zoological characters, ordinal distinction, 
at least. The conscc|ucnces of the liberation of one })air of limbs 
from all service in station and progression, due to the extreme 
modification of the other pair for the exclusive discharge of those 
functions, arc greater, and involve a superior number and quality 
of powers, than those resulting from the change of an ungulate into 
an unguiculato condition of limb : and they demand, therefore, an 
equiv^alent value in a zoological system. But, as I have elsewhere 
argued, Man’s psychological powers, in association with his extra- 
ordinarily developed brain, entitle the group which he represents to 
rank witli the primary divisions of the class Mammalia founded on^ 
cerebral characters. In this subclass Man forms but one genus, 
and that genus but one order, called Bimana, on aecount 
of the o])i>osable thumb being restricted to the 
upper pair of limbs. In every Ape the pelvic 
limb is terminated by a ‘ hand,’ fig. 176 ; in every 
Man by a ^ foot,’ fig. 181.* In Bimana the testes 
are scrotal; their serous sac does not communi- 
cate with the abdomen; they arc associated with 
vesicular and prostatic glands. The j>cnis is 
pendulous, without bone, and the prepuce has a 
fhenum. The inainma3 are pectoral. The placenta 
is a single, subcircular, ccllulo-vascular, discoid 
body. 

IVIan is naked, and is the sole teiTestrial Mam- 
mal in that predicament: of the partial growths 
of hair, the chief protects the head, and is distinctive of sex. 



* The fiict of the homologous bones being (hterminable in the pelvic limb, ns in 
other parts of the skeleton, of Mammals, does not make the grasping organ of the 
Ape, fig. 17G the less a Miand,’ nor does it prove the lacerating organ of the Lion, 
fig. 175, to be no ‘paw,’ nor the swimming organ of the Seal, fig. 172, to be no * fin.’ 
-Prof. Huxley, however, by pointing out those homologies between Man and the Ape, 
under colour of a new clcineiit in the question, probably persuaded the * working 
men ’ for wlioni^ as ‘ Government Professor ’ in the School of Science, he selected such 
subject of instruction, that it was an important argument in favour of their Ape-origin. 
So speciously indeed was this old elementary fact in zootomy set forth, that the pro- 
pounder succeeded in deceiving some non-anatoiuical autliors into a belief that he 
had really made a discovery. See Ckawfcrd, ‘Antiquity of Man/ 8vo. 18G.3 : 
‘ Prof. Huxley has very satislactorily shown that the designation of “ quadruinanc,” 
or four-handed, is incorrectly applied to the family of monkeys. Their feet are real 
feet, Rlthough prehensile ones ; but the upper limbs are true hands/ &c., p. 18 ; also 
liYJsr n, ‘ Antiquity of Man/ 8vo. 1863, p. 476 et scq.; wdiom I would refer to Cuvieu, 
‘ Lci;oiis d’Anatoinic Comiiarec/ 8vo. 1805, tom. i. p. 3/6, ‘ Dcs os Mu coude-pied/ 
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The dentition of the genus Homo is reduced to thirty-two teeth 
by the suppression of the outer incisor and the first two premolars 
of the typical scries on cacli side of both jaws, the dental 
formula being : — 




-Ti? 




1-p 


V — 

r* 2 — 2 ’ 


m. 


3—3 

3-3 


- 32. 


The teeth are of equal lengtli, show no sexual distinctions, and 
there is no break in the series ; tbCy are subservient in Man not 
only to alimentation, but to beauty and to speech, fig. 182. 

The human foot is broad, plantigrade, with the sole, not in- 
verted as in Quadrumana^ but applied flat to the ground ; the 


182 



leg, fig. 183, f)6, bears vertically on the foot ; the heel, f>8, is ex- 
panded beneath; the toes are short, but with the innermost, /, 
longer and much larger than the rest, forming a ^ hallux ’ or great 
toe, which is placed on the same line with, and cannot be oi)posed to, 
the other toes ; the pelvis, 62 , 63 , is short, broad, and wide, keep- 
ing well apart the thighs ; and the neck of the femur is long, and 
fonns an open angle with the shaft, 65 , increasing the basis of 
support for the trunk. The whole vertebral column, with its 
•‘^ilight alternate curves, and the \vell-poised, short, but capacious 
subglobular skull, arc in like liarmony .with the requirements of 
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the erect position. The widely-separated shoulders, with broad 



scapulae and complete 
clavicles, 68, give a fa- 
vourable position to the 
upper limbs, now libera- 
ted from the service of 
locomotion, with complex 
joints for rotatory as well 
as flexile movements, and 
terminated by a hand of 
matchless perfection of 
structure the fit instru- 
ment for executing the 
behests of a rational intel- 
ligence and a free will. 
Hereby, though naked, 
Man can clothe himself, 
and rival all native vest- 
ments in warmth and 
beauty ; though defence- 
less, Man can arm him- 
self with every variety of 
weapon, and become the 
most terribly destructive 
of animals. Thus he ful- 
fils his destiny as the 
master of this earth, and 
of the lower Creation. 

The system of Cuvier 
being still in use in some 
estimable works, and the 
one according to Avhich 
groups of Mammals are 
most commonly referred 
to in physiological and 
paleontological proposi- 
tions, an outline thereof, 
as ai)plicd to .that class, 
is herc^ appended, with 
a similar outline of the 
classification adopted in 
the present #ork. 


BImimou.’ Kla‘K«ton (Ilomo). 
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xxiT. vol. i. p. 65. * Written ‘ Carnassiers * by Cuvier, ib. 
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CHAPTER XXVL 

OSSEOUS SYSTEM OF MAMMALIA. 

§ 175. General Characters of the Skeleton. — The osseous tissue 
and the l)onc-cells cluiracteristic of it in tlie higlicr members of the 
Mammalian class are shown in Vol. 1. p. 23, figs. 14, 15, In tlie 
Lyencephala ( Ornithorhy fic/ms, Echidna, Kangaroo, Rat, Beaver, 
Sloth, Hedgehog, Mole),' the Haversian canals resemble those of 
Birds in their smaller relative size, as do the bone-cells in tlie 
number and peculiar branchings of their canaliculi, compared 
with higlier in these the radiated disposition of the 

canaliculi, concomitantly with the shorter and wider form of the 
cells, becomes more marked, as shown in fig. 14, Vol. 1. In 
the larger Cetacea tlie bone-cells have a larger size and less 
regular shape, and send off long branching canal iculi.‘^ The 
osseous tissue in Mammals is less dense and compact than in 
Birds: the long bones have medullary cavities, as a rule, re- 
latively larger than in ReptiUa, smaller and with thicker walls 
than the homologous pneumatic cavities in Birds. In the Cetacea 
and the Sloths, recent and extinct, the long, like the other, bones 
arc solid, tlie central tissue being cancellous : in the Sireuia the 
bone of the thick ribs is dense and compact throughout: the 
hardest bone in tlie present class is that which is accordingly 
termed ^petrosal,’ especially in the Whale-tribe, in which its 
specific gravity reaches 2*433, that of ivory being P744. 

The proportion of the Mammalian skeleton which is ])nenmatic 
is noticed in Vol. I. p. 25. The vcrtel)ral bodies and the limb- 
bones have the articular surfaces, in the growing state, supported 
on distinct plates, called ^ epiphyses,’ which usually coalesce with 
the rest of the bone, at maturity. Examples of the exoskcleton 
are seen in the Armadillos and their huge extinct congeners the 
Glyptodons: small detached bony nodules were also developed 
in parts of the thick tegument of the Mogathcrioids.'* The 
lacrymal is properly a mucous scale-bone. The bone of the heart 

# 

* ccxciii. pis. xi. and xii. 


Ib. p. 151. 


^ Eurmcistcr, MS. 
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in large Ruminants is referable to the ^ splanclinoskeleton ; ’ the 
,Qji ossified tendons in some^ small Musk-Deer to the 



Mammalian type 
vertebra, from the 
thorax. 


‘ scleroskeleton.* 

In the Mammalian class the centrum, figs. 141, 
184, c, coalesces with the neural arch, ib. n, 
throughout the vertebra) of the trunk. In the 
seven anterior vertebrie, fig. 185, i-7, the pleur- 
apophyses are short and commonly coalesce with 
the centrum and diapophysis, circumscribing the 
lateral foramina for the ‘ vertebral ’ arteries. In 
the Monotremes they retain, as in Reptiles, their 
individuality, fig. 186, «. In Cetacea the inter- 
space between the cervical par- and di-apophyscs 


is not always closed by bone. Occasionally the pleurapophyses 


of the seventh, fig. 185, a, 
and, more rarely, also of 



Corvloal A’Pi’tcbra?, A Man, b Slotli. 


the sixth, «, vertebne, mani- 
fest their rib-like nature by 
increase of length, and free- 
dom of articulation, even in 
Man; but these segments 
arc not completed by the 
hiemapophyscs and hsemal 
spine. This resumption of 
type takes place in the eighth 
vertebra, ib. c, d ; and the 
dorsal series of vcrtcbrie here 
begins, as a rule, in Mam- 
mals. The most marked ex- 
ception occurs in the Ai 
(^Bradj/jms tridactylus ) ; and 


if the vertebrae, fig. 185, B, 8, 9, supporting the pleurapophyses. 


186 



Cervical veri-ubr®, O^ntlhorhyncliua. 


«, 5, be regarded as homologous 
with the first two dorsals in other 
Mammals, the excejition is so far 
saved : but the presence of short 
pleurapophyses in all the cer- 
vical vertebrae and their occa- 
sional developement in* the last 
two, as in fig. 185, A, support the 
recognition of the tenth verte- 
bra in the Three-toed Sloth, ib. b, 
10 , c*, dy as the first dorsal. The 
pleurapophyses of the dorsal ver- 
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tebrse, figs. 184, and 186, pl^ are subject to slight displacement, 
and their articulations, like those of the neurapo]:)hyses in the 
Bird’s sacrum, extend over the interspace between their own and 
a contiguous centrum. The hsemapophyses, ib. A, are rarely 
ossified : the exceptions occur in the lowest subclasses (Duck- 
Mole, Armadillo, Sloth) : in the Monotremes a portion of cartilage 



intervenes between the ])lciir- and hiem- 
apophyscs. Some of the posterior hajinapo- 
physes havelao Inemal spine, but terminate 
freely, fig. 187, 7, or in connection with 
each other. The segments typically com- 
pleted, as in fig. 184, are called ^ vertebne 
with true ribs,’ those not so completed ^ ver- 
tebrse with false ribs,’ in Anthropotomy. 

The haemal spine of each thoracic seg- 
ment is separately developed. They 
commonly remain distinct, fig, 187, 9, 9, 



forming a chain of ossicles, answering in . 
number to those anterior dorsal segments 
which they complete : they coalesce with 
each other in some Mammals, and form 
collectively the ^sternum.’ Only in Mono- 
tremes is there an cpisternum, figs. 186, 
e, 187, 9, or hcemal spine of a cervical 
segment, to which the clavicles articulate. 
As the dorsal vertebne recede in position 
the pleurapophyscs become shorter, return 


iixMnapopijysos of tlicir propcr segmciit, and usually be- 

come appended to its diapophysis. When 
it becomes confluent therewith, or replaces that process, the 


188 



TjTe of peU'ic and caudal segmeut, 
Mammal. 


^ dorsal ’ series ends and the ‘ lumbar ’ one, 
figs. 166, /, 1 83, 1-5, begins. These vertebrae 
are commonly more numerous in Mammals 
than in Reptiles. Their liajinapophyses — 
the abdominal ribs of Reptiles — arc re- 
presented by the ^ intersectiones tcndincae 
musculi recti,’ &c., the lowest pair ^e par- 
tially ossified as ^marsupial bones,’ ng. 187, 
6, .in Lyencephala. In the Mutilata the 
^ sacrum ’ is defined by the reappearance of 
the ossified haemapophyses, fig. 159,63, of 
a segment at the end of the trunk. In 


Cetacea it is suspended beneath its segment, as in Fishes, and 


may support some rudiment of a pelvic or ventral fin, ib. C5, 66. 
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In Sirenia, the hjemapopliyses, fig. 188, A, 3, are connected by 
pleurapopliyscs, ib. pi, 2, completing the ha3raal arch with the dia- 
pophyses d, i ; and the Batrachian condition of pelvis (Vol. I. p. 48, 
p. 163, fig. 101, d) is resumed. In the rest of the class two or 
more segments following the lumbar series become, like those 
in the head, the seat of modifications by anchylosis of the cen- 
trums, flattening and broadening with an expanse of the neural 
canal: and with these modifications is associated great devclope- 
ment of the hiemal arches of two of those segments, fig. 187, 
4 and 5, which, therefore, have got special names, as ^ ischium,’ 
ib. 4 , and ^ pubis,’ ib. 5. These arc, however, connected with 
tlieir respective segments by a concomitant expanse of the single 
pleurapophysial element, fig. 188, jd, which, so modified, has the 
name of ‘ ilium,’ and in some Lyeiicephala (Sloths, Megatherioids, 
Armadillos) resembles that bone in Birds, by the number of sacral 
segments with which it articulates or coalesces. 

The caudal segments in Mammals are characterised by the 
abrupt cessation of the pleurapophysial dcvelopement forming the 
ilium, I)y the retention of the riblet, or beginning of the pleura- 
pophysis, anchylosed, as a diapophysis, fig. 188, (/, and by the 
approximation of the luemapophyses, ib. A, 3, to the under surface 
of the centrum, c, as at A, 4, the divergent bases articulating there- 
with, and the apices converging to unite with, or develoi^e, a lia^mal 
spine, ib. 5. The wider pelvic luemal canal encompassed terminal 
parts of the generative and intestinal canals ; the narrower caudal 
one has only to defend the main blood-vessels of the tail. The 
terminal caudal vertebne arc progressively reduced in size and 
complexity, and vary greatly in number ; anchylosis is an excep- 
tion {Dasypiis, e.g.) in this region. 

§ 176. Generttl Characters of the Skull . — Pursuing the survey 
of the Mammalian modifications of the Vertebrate archetype as 
they appear in the segments of the skeleton forming the skull, 
with the light of the stage of dcvelopement manifested in an 
immature Mammal when a certain growth has proceeded from tlic 
several points of ossification established in the primordial mein- 
bratious and cartilaginous basis, we find that the neural arch of 
the occipital vertebra, fig. 189, Ni, i, 2 , and 3 , agrees with that of 
the Bild and Crocodile in the coiination of the diapophysis, 4, 
with the neurapophysis, 2 ; but the process, called ‘ paroccipital,’ 
now descends from tlie lower part of the arch, and, in many 
Mammals, is of great length. An articular condyle is developed 
from each neurapophysis, 2 , which articulates with^ the concave 
anterior zygapoiiliysls of the atlas, and is the hoinotypc of the 
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posterior zygapophysis in the trunk- vertcbne. The centrum, i, 
is reduced to a compressed plate, and its hinder articular surface 
is not more developed than is the front one of the centrum of the 
atlas, with which it is connected by ligament. The expanse of 



.Sltlo vlow of cranlul vc*rtol»ne and arpoiidiiges, nofj. 


the occipital S|)lnc, 3, lias been governed by the superior dcvcloiic- 
ment of the cerebelhun in the Mammalian class. 

The Inemal arch of the occipital vertebra is here represented, 
like those of the cervical vertebra), by the pleurapopliysial elements 
only ; but these arc developed into broad triangular plates with 
outstanding processes : that called ^ spine,’ 51, is exogenous ; hut 
that called ^coracoid’ is developed from an JiidepciKlcnt osseous 
centre, Avhich is a rudiment of the hajinapophysis, coalesces with 
the pleurapophysis, and, in the present class, only attains its nor- 
mal proportions, completing the arch at figs. 180, d, 187, 2 , with the 
haiuuil spine, ib. 9, in the Monotremes. The diverging apjiondngc 
(fore-limb, 53-57) of this arch, though retaining the general Tea- 
lures of its primiti ve radiated form, has been the seat of great dc- 
vclopement and much modification and adjustinent of its difterent 
subdivisions in relation to the locomotive office it is now called 
u|>on to perform. 

With the exception of this excess of developement ^f the 
aiipcndage, the defective developement and displacement of the 
lucmal arch, and the coalescence of the dia[) 0 ])hyscs in the 
neural arch, there arc few iioints of resemblance which are not 
sufficiently salient betw^cen the segment represented by the hones, 
> 11 , 1 , 2 , and 3, in the Mammal, and that so marked in the Fish, Vol. I. 



302 ANATOMY OF vertebrates;' ^ 

fig, 8 1 . And, if the interpretation of the more normal or archetypal 
condition of this segment in the lower Vertebrate animal, fig. 
101, A, Vol. I., be accepted, so^also must be the explanation here 
given of the nature of the modifications of the special homologues 
of the constituents of the occipital segment by which that arche- 
type is masked in the Mammal. A single nerve supplies the 
appendage, 53-57, in Fn'otopterxis \ subsequent developement of that 
appendage in higher forms presses more nerves from other centres 
into its service ; these do not originate the complex conditions 
calling for them. And if the simple limb, fig. 101, A, 53-57, be 
the special homologue of the complex one, fig. 189, 53-57, neither 
the number of nerves, of vessels, or of terminal rays can affect 
the conclusions deducible from fig. 101, as to its general nature 
in relation to the Vertebrate archetype. 

In the second segment of the skull, Nn, the centrum, 5, is long 
distinct from both i and 9; and the hicmal arch (hyoid bone) 
retains its natural connection with the rest of the segment, and 
by means of a more complete dev^lopement of the pleurapophyscs, 
3 i<, than in any of the inferior air-breathing Vertebrates. In the 
Hog, as in other Mammals, may be separated, without artificial 
division of any compound bone, the entire parietal segment, but 
with it is brought away the petrified capsule of the acoustic organ 
and the anchylosed distal piece, 27, of the maxillary appendage, 
wdiich more or less conceals the typical character of the neural 
arch of the parietal vertebra in every Mammal : least so, however, 
in the Monotremes and liqminants. The neurapophyses, 6, of the 
parietal vertebne have coalesced with the centrum, 5, but retain 
much of the proportions they present in the cold-blooded classes ; 
for the mesencciihalic segment of the brain is, in fact, but little 
more developed in the Mammal : they are notched in the present 
example, but are perforated in the Sheep, by the larger divisions 
of the trigeminal, and they send down an exogenous process, 
which articulates and sometimes coalesces with the appendage, 24 , 
of the palato-maxillary arch, and with the pleurapophysis, 20 , of 
the same arch. The neural spine, 7 , always developed from a 
pair of centres in Mammals, often vastly expanded, and sometimes 
complicated with a third, intercalary or interparietal osseous piece, 
in subserviency to the large size of the prosencephalon, is occa- 
sionally uplifted and removed from the neurapophyses by the 
interposed squamous expansion of the bone, 27 ; but this, which 
reminds one of the occasional separation of the neural arch from 
the centrum of the atlas in Fishes, is a rare modification in the 
Mammalian class. Ihe diapophysis, 8, always commences as an 
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autogenpu# element by a distinct centre of ossification ; in most 
Mammals it speedily coalesces with the petrosal, but not in the 
Babyroussa,' e.g^ : it usually coalesces with the squamosal, 27 , as in 
the Hog ; but retains its distinctness in the Ecliidna; its apophysial 
character is usually Avell-marked, and it is known as the ^ mastoid 
process ’ in Anthropotomy. In most Mammals the pleurapophysis, 
38 , retains its primitive independency and rib-like form, with usually 
the ‘ head ’ and ^ tubercle ; ’ but by reason of its arrested growth it 
has been called ^ styloid ’ bone or ^ocess. Sometimes it is sepa- 
rated from the short haemapophysis, 40, by a long ligamentous 
tract, sometimes is immediately articulated with it, or by an inter- 
vening piece. The haemal sj)ine, 4i, is usually small, and always 
single. The rudiments of hypobranchial elements, 46, arc retained 
as diverging appendages of the parieto-hacmal arch in all Mam- 
mals, and have received the special names of ‘ posterior cornua,’ 
or ^ thyroliyals,’ from their subservient relationship to the larynx. 

In the frontal segment, Niii, the centrum, 9 , and neurapophyses, 10 , 
very early coalesce. Two separate osseous centres mark out the 
body, and each ncurapophysis has its distinct centre, the oj)tic fora- 
mina, ojh being first surrounded by the course of the ossification 
from these points. The superior developement of the neurapopliy- 
sial ])lates, 10 , as compared with those of the parietal vertebra, 6, in 
most Mammals, harmonises with the greater developement of the 
prosencephalon ; but the chief bulk of this segment is protected 
by the expanded spines of the frontal, 11 , and parietal, 7, vertebne, 
and the intercalated squamosal, 27 . This appendicular piece not 
only fulfils some of the functions of the proper cranial neurapo- 
physes, but, likewise, the normal office of the frontal pleurapophysis, 
28, in the support, viz., of the distal elements of the hajinal 
arch, 29-32, which now articulate directly with 27 , in place of 28, 
as in all oviparous Vetebrates, The true pleurapophysis of the 
frontal vei'tebra, 20 , is almost restricted in the Mammalian class to 
functions in subserviency to the organ of hearing ; is sometimes, 
as in the Hog, swollen into a large bulla ossea, like the parapo- 
l)hyses and pleurapophyscs of the cervical vertebra) of Cohitis ; is 
sometimes produced into a long auditory tube, and sometimes 
reduced to the ring supporting the tympanic membrane. Yet, 
under all these changes, since its special homology is demonstrable 
with 28 in the Bird, fig. 26, Turtle, fig. 91, Vol. I., and Crocodile, 
fig. 92, Vol. I., as well as with the teleologically compound bone, 
28, a, hy Cy dy lu tlic Fish, fig. 81, Vol. I., so likewise must its general 

‘ XLiv. p. 556, no. 3338, in which the petrosal is instructively distinct from all the 
surrounding vertebral elements composing the otocrane. 
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homology be equally recognised* The frontal hscmagophysis, 
fig. 189 , 29, and the coiTe.s|)oruliag half of the hasmal spine, ib. .32, 
are connate on each side in all Mammals. The arch, as in other 
air-breathing Vertebrates, has no diverging appendage. 

The nasal segment, Niv, is chiefly complicated by the confluence 
of parts of the enormously developed olfactory capsules, is, and 
its typical character is further masked by the compression and 
mutual coalescence of the neurapophyses, u. The centrum is 
usually much elongated, as at i. 3 , and soon^coalcsces with both 
neurapophyses, u, and ^vith the nasal capsules, 18 . The neural 
spine, 15 , is bifid. The plcura}>ophysis, 20, or proximal element 
of the ha?mal arch of the nasal vertebra has its real character and 
import almost concealed by the excessive developement of the 
second clement of the arch, 21, which resumes in Mammals all 
those extensive collateral connections which it presented in the 
Crocodile ; and to which arc sometimes added attachments to the 
expanded spine of tlie frontal vertebra, as well as to that of its 
own segment. The plcurapophysis, however, besides its normal 
attachment to its centrum, 1.3, sends up a process to the orbit, in 
order to effect a junction with its nciirapophysis. I'lie hamial 
spine, 22, is developed in two moieties, which never coalesce 
together, although, in the higher Apes, and at a very early 
period in Man, each half coalesces with the h.Tmapoph}\sis, and 
repeats tlic vsiinple homogeneous character of the corresponding 
elements of the succeeding (mandibular) arch. 

The ajipendicular element, 24, which diverges from the pleura- 
pophysis, 20, contributes to fix and strengthen the palato-maxillary 
arch by attaching it to the descending process of the parietal 
centrum, 6 : with which, in most Mammals, it ultimately coalesces. 
The other elements of the diverging member of the arch corre- 
s])on(l in number and in the point of their divergence with those 
ill Birds, Chelonians, and Crocodiles. They arc two in number, 
succeeding each other, and both become scats of that expansive 
developement which is followed by the multiplication of the points 
of connection ; thus the proximal piece, 2G, ^ malar bone,’ is con- 
nected in the Hog not only wdth the hannapophysis, 21, from 
which it diverges, but likewise with tlic muco-dermal bone, 
called ‘ lacrymal,’ 73 . The distal piece of the appendage, 27, 
cx|)arKls as it diverges, and fixes the naso-hamal arch not only to 
tlic frontal plcurapophysis, 2S, and parietal parapopliysis, 8 , but 
also to tlic frontal, parietal, and, sometimes, occipital ncurapo- 
physcs and spines : it also affords, in the Hog, as in other Mam- 
mals, an articular surface to the frontal luemapophyais, 29. 
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The steps by which the bony capsule of the otic organ is 
finally differentiated and individualised in Mammals are instruc- 
tive examples of that character of advance in organisation. The 
ex- and par-occipitals which contribute a pai’tial bony support to 
the back part of the gristly cap- 
sule in Fishes and Reptiles, and 
coalesce with that fully ossified 
capsule in Birds, remain distinct 
from the petrosal in all Mammals. 

The alisphenoid, , which contri- 
butes a partial bony support to 
the fore part of the gristly otic 
capsule in Ilsematocrya, and co- 
alesces with the same part of the 
bony capsule in Birds, has like- 
wise permanently liberated itself 
tlierefrom in Mammals. The 
mastoid, which contributes a bony 
suj)port to the outer part of the 
otic capsule in cold-blooded Ver- 
tebrates, and is extensively con- 
fluent with the same part of the 
ossified capsule in Birds, retains 
such confluence in some Mam- 
mals, but instructively manifests 
its primitive independency in 
others. In the Cetacea, where 
the mastoid and paroccipital are 
distinct from the petrosal, this 
capsule coalesces wdth the tym- 
panic, which, having lost its man- 
dibular function, is fixed and 
contracts anchylosis with the pe- 
trosal. The Babyroussa exempli- 
fies the essential individuality of 
the acoustic capsule, the petrosal 
not only being ossified from its 
own centre, but remaining dis- 
tinct from every bone of the oto- 
crane.' 

§ 177. General Characters of the Limbs . — The diverging append- 
age of the occipital vertebra is never absent in Mammals, and 

XLiv. p. 556, nos. 3388, 3345. 
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offers its most simple condition in the Horse, fig. 190. It is essen- 
tially, as in Protojyterus^ a jointed ray, but every part is adap- 
tively modified for special ends and reciprocal adjustment and 
interplay ; in the monodactylc Mammal it is, in fact, the result of 
simplification from a more complex ancestral condition of limb, in 
reference to the application of that limb to a more vigorous kind 
of locomotion. Viewing the framework of such limb, here, in 
merely its archetypal relations, we remark that the supporting 
arch is incomidcte, as in nicest Mammals ; the plcurapophysis, a, A, 
is expanded into a ^ scapula,’ with its coalesced haimapophysis as a 
^ coracoid ’ process, ib. L The first segment of the appendage is 
modified as ‘ humerus,’ a ; the second segment as ‘ radius,’ n, with 
which has coalesced the process s, Uy developed in most Mammals 
as ‘ ulna.’ In the blastema between the second and third ray have 
been formed a cluster of ossicles called ‘carpal,’ ?c, z, 2 ,s; tlie 
third segment, 4 , 5 , is a metacarpal, and with it arc connected two 

191 




stylifonn appendages, r>, 7 ; the abortive remnants of other me- 
tacarpals. Next follow the three terminal shorter segments of 
the limb-ray called ‘ phalanges,’ 13 , 14 , 16 ; the whole forming the ■ 
‘digit’ which answers to the middle finger, in, in the pentadac- 
tyle foot of beast and in the hand of man. Gradational steps to this 
perfect condition of ‘ hand ’ are selected from the Mammals w^ith 
claws, in fig. 191. In the Unau or Two-toed Sloth i^Bradyjms 
did acty Ills), the digits which are functionally developed answer to 
the second, ii, and third, tit, in Man; the fourth, iv; and first, i, 
arc represented by styliforra beginnings of their metacarpals. 
The carpal ossicles include one, s, t, answering to the separate ^ 
scaphoid, .v, and trapezium, in Man, a ‘lunare,’ /, and ‘ cunei- 
form,’ c, a ‘ trapezoides,’^/, supporting the metacarpal of the second 
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digit; a ‘ magaum,’ m, supporting tJiat of the middle digit, and 
an ^ unciformc/ u, limited to the rudiment of lY. 

In the huge extinct congener of the Sloths (Mef/atherium), the 
fourth, IV, as well as the third and second digits are developed, 
as in the Bradyjms tridactylus, for the support of claws. There 
is a metacarpal of the fifth digit, supporting stiudcd rudiments of 
the first, 1, and second, 2 , phalanges; the first digit is still repre- 
sented by a like rudiment of its metacarpal, i. The carpal 
ossicles include, as in Sloths, a ^ .^iapho- trapezium,’ s, ty witli a 
Avcll-marked ‘ pisiforme,’ 7 L and a larger Mi nciforme,’ ?7. In the 
Ilyama the fifth digit, v, is functionally develoj)ed : the fii st, 1 , 
retains the rudimeutal state. The scaphoid and lunare, .s, U have 
liero coalesced : the trapezium, ty is distinct, but very small : the 
unciforme supports, as usual, the mctacarpals of the fourth, iv, 
and fifth, v, digits. In the Spider-Monkey { Ateles\ tlie meta- 
car[)al representative of the first digit, i, is longer; the scajdioid, 
Sy is distinct, and the M‘ntcrmedium,’ /, is a dismemberment 
thereof, answering to c, fig. 173, Vol. I. 

In the Orang the carpus also has th(i dismembered sca- 
phoid, Sy or ^ intermedium,’ /. The inner digit, i, is short and 
feeble, but with the usual mammalian number of two pha- 
langes. In the hand of Man, this digit, Avhich is the last to 
he completed in that class, attains its liighest functional deve- 
lopcmcnt : it is articulated in such a way and at such an angle 
as to be opposable to any of the joints of any of the other digits. 
Of these the third, ill, which is the most constant in the class, is 
tlie longest. The carpus con- 
sists of eight bones in two 
rows ; the first including the 
undivided ^ scaphoides,’ s, ^ lu- 
nare,’ Z, ^ cuneiforme,’ c, ‘ ])isi- 
forme,’ 7 ; ? second including 
‘ trapezium,’ Z, ‘ trapezoides,’ 
dy ‘ magnum,’ w/, ^ unciforme,’ 

U, These names, suggested rclvlcarchandappondape, 
by the shapes and proportions 

of the carpal bones in the human skeleton, become ai-bitrary signs 
of their homologues in lower animals. 

The appdudage of the pelvic arch may be wholly wanting, as 
in Sirenia and most Cetaccay or re|)resented by a two-jointed ray, 
as in the Right Whale, fig. 192, and fig. 159, C5, 66 ; articulated to 
two elements, 63 and 64, of the pelvic arch, which, as in Fishes, 
are loosely suspended in the flesh. 
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The successive gradational steps by which the pentadactyle 
condition of the limb or appendage is attained are selected from 
the series of hoofed Mammals in fig. 193, 

The pelvic limb, fig. 195, shows the same monodactyle sim- 
plicity as the pectoral one, in tlie Horse. The ossicles developed 
in the connective substance between the second and third prin- 
cipal segments of the long-jointed ray, are the ^ astragalus,’ 

‘ caleaneum,’ c/, ‘ navicnlare,’ /?, ^ mesocuneiforme,’ cm, ^ ectocimei- 
forme,’ cc, ‘ cuboides,’ />. The metacarpal supporting the three 
joints or ‘ phalanges’ of the digit articulates chiefly with the ecto- 
cuneifomi, c, which accords in size. The largely developed digit, 
or continuation of the main lirnb-ray, fig. 193, answers to the third, 
III, of the pentadactyle foot. At its base are rudiments of the 
metatarsals of the second, ii, and fourth, iv, digits. In the Ox 
the naviculare, ib. s, is connate with the ‘ cuboides,’ h : and, as this 
supports one-half of the single metatarsal, such half is held to be 
the developed homologue of the rudimental fourth metatarsal 
in the Horse: whilst the half supported by the ‘ ectocunei forme,’ 
cc, in the Ox, is held to answer to the mciatarsal of the developed 
digit, III, in the Horse. 



m 

Elephant. Hippopotamus, Rhinoceros. Ox. Horse. 


Embryology here lends partial proof to this view : the so-called 
^ cannon-bone ’ being developed from a single centre and epi- 
physes in the Horse, and from a pair of shafts or •^centres and 
epiphyses in the Ox: it accordingly supports a pair of toes, 
which answer to the third, iii, and fourth, iv, in the peiita- 
dactyle foot. The Camel and Giraffe have not rudiments of 
any other toes : in the Ox such rudiments of the distal parts of 
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the second, ii, and fifth, v, digits are appended to the coalesced 
metatarsals of the functional pair of toes, in and iv. 

In the miocene fossil Horse fig. 194) a similar pair 

of ‘ spurious ’ hoofs, n) iv^ dangled l>chind tlie main toe, m, com- 
pleting the digits, ii and Wy indicated by the ^ splint-bones ’ or 
proximal parts of the metatarsals in the modern Horse, fig. 193, 
II, IV, but stunted in growth. In tlie eocene PalcBofhcrium 
these digits were nearly equal in size to the middle one. The 
Khinoceros at the present day preserves tlicse proportions of the 
toes, II, III, IV, but with shorter and more massive }>roj)ortions of 
the whole foot. Accordingly, in fig. 193, it will be seen that the 
‘ inesocuneiforme,’ cw/, and ‘ cuboidcs,’ i, have a larger jn-ojjor- 
tional size than in the Horse ; but the structure of the tarsus is 
essentially tlie same : the cuboid, hy articulates directly with the 
calcaneum, cl\ the navicularc, Intervenes between 
the two (uineiform bones and the astragalus, a. The 
affinity of these ‘ perissodactyles ’ is obvious, and the 
closer links of affiliation are supplied by the extiinq 
forms above cited. In like manner we find the affinity 
of the Ox and Hippopotamus illustrated in the struc- 
ture of the hind-foot, the Hog holding a similar inter- 
mediate step in the developcment of the toes, iv and 
V. In the tarsus the cuboid, />, and naviculare, show 
the same near equality of size, but they arc distinct 
bones in the Iliiipopotamus as in all Artiodactyles 
except the restricted or liorned Iluminants ; a mesocu- 
neiforme, cvw, now supports the metatarsal of the toe, 

II, that of the fifth, v, articulates with the cuboid. 

In the J^lcpliant the innermost digit, i, is present — the 
last to apiiear in the ungulate as in the unguiculate 
senes, and the tarsal groui) shows the completeness 

1 . I . ‘HI rni 1 ^ • >11 (//</'/>"/•;■"«)■ 

winch it manitcsts in Man. Ihe human anatomist ivill 
recognise the astragalus, (ly calcaneum, cl, naviculare, .y, extended 
transversely and presenting articular facets to the three ‘ cunei- 
Ibrm ’ bones, ‘ internal,’ ‘ middle,’ and ‘ external,’ which for con - 
venience of definition I have called ^ entocanciform,’ ci, *^ 10680 - 
cunelform,’ cm, ‘ ectocimeiform,’ cc ; the ‘culioides,’ h, supports as 
usual the metatarsals of the fourth and lift h toes. The too, i, has 
a short metatarsal and some bony representative of a phalanx 
imbedded in the innermost part of the hoof: the other toes liave 
the normal complement of phalanges, which, in Mammalia, do 
not exceed (save in Cetacea) three in number, nor two in the 
iimennost digit, i, in bolh pectoral and pelvic limbs. 
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The ^ serial homology ’ of the parts of the respective arclies of 
these limbs is illustrated in Vol. L p. 188. In the limbs them- 
selves, or appendages of the arches, the femur, fig. 195, «, answers 
to, or is the homotype of, the humerus, fig. 190, «; the tibia, fig. 
195, M, is the homotype of the radius, fig. 190, o ; the fibula, fig. 
195, 1 , 2 , of the ulna, u\ the tarsus repeats the carpus, the 
metatarsus the metacarpus, and the three phalanges, as respec- 
tively named ^ proximal,’ ^ middle,’ and ‘ distal ’ or * ungual.’ In 
the tarsus it will be seen that the cuboid, in the ‘ Elephant,’ fig. 
193, />, sii|)ports the two outer metatarsals, as does the unciforme 
the two outer metacar})als, in the Orang and Man, fig. 191, u\ 
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the ectocuneiform in the tarsus, cc, and 
the ‘ magnum ’ in the carpus, W 2 , re- 
spectively support the middle digit, iii ; 
the mesocuneiforme, mc^ holds the 
same ^ serial ’ relation to the trape- 
zoides, and the ^ cntocuneiform,’ cc, 
to the ^ trapezium,’ L Tlie bone of the 
carpus, fig. 191, 5, in Man articulates 
with the three innermost carpals of tlie 
second row ; and, in the Orang, but 
in a divided state, s and .s', leaves a 
larger share of the wrist-joint with the 
radius to the bone Z, and in the same 
degree tends to repeat in the carpus 
the position and connect tions of the bone 
a in the tarsus : so I infer that the 
carpal scaphoid and tarsal navicidare 
arc homo types: the carpal lunarc, fig. 
191, /, answers to the tarsal astragalus, 
and the carpal cuneiformc and pisi- 
forrnc to the tarsal calcaneum, in whicli 
bone the lever-process forming the 
‘Iiccl’ more immediately repeats the 
jiisiforme, Avhich also in many quadrii- 
])cds, fig. 191, />, llyjena, makes a ‘hcel- 
Jike ’ projection in the carpus. 

§ 178. Special Homologies , — As that 
which is engendered by a •Mammal is 
mammalian from its bcffinninir, 
step of its building up has the finish- 
ing of the Mammal for its end, ami 


shows it the mofe as it nears the goal. The dcvelopemental phe- 
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nomena of the head neither supersede nor can supply tlie better 
evidences of homology afforded by relative position and connec- 
tions any more than do those of the foot. Tlie cannon-bone of 
the ox is developed from throe terminal and two middle centres 
of ossification ; but embryology docs not show which of these 
signify bones distinct in other Mammals : it is neither here nor 
elsewhere the criterion of homology. In the foregoing account 
of the Mammalian modifications of the Vertebrate skeleton, the 
general and serial homologies are- given, as determined in my 
work on the Vertebrate Archetype. Jlut as a few of the special 
liomologies of cranial bones arc still unaccc|>ted by felloAv-labourers 
in this field of anatomy, I offer the following remarks in excuse 
for the retention of my opinions on such ino(^t--p()ints. 

To rightly determine the cranial bones in Mammals, as in 
liirds, we must pass to their investigation from the previously 
determined bones in the skull of an inferior Vertebrate. Thus, 
idacing the skull of a young Ostrich or Apteryx, showing the 
sutures, by the side of that of the low, bird-like Monotreme 
(^Eahidnny fig. 1 97 ), we find that the transverse! y extended, medially 
notched occipital condyle, in the liird, fig. 27, has become bisected 
or divided into two in the Mammal, fig. 202 ; each moiety being 
developed wholly (^Eckidna) or in great part (some Cetnceii) from 
the exoccipital, 2 . The basioccipital either wants, or developcs 
only the lower cud of, the divisions of the occipital condyle. The 
cxocci])iial, in most Mammals, sends off a ^ paroccipital ’ process, 4, as 
in Birds. The basi-, ex-( 2 ), and super-(3)occi|)itals coalesce into one 
bone, but rarely are fused, as in Birds, with the sense-capsule and 
segment in advance. The basisphenoid, fig. 202, 5, dllfers from that 
of the Bird, figs. 27, 32, in not being coossified with the presphenoid, 

9 : laterally it contributes to form part of the otocranc and tym- 
]>anum, in advance of which it articulates with the alisphenoid, figs. 
196, 197, G. In the Echidna a bone, fig. 197, s, coossified with or 
anchylosedto the outside of the petrosal, expands beyond it to arti- 
culate with the ex-(2) and supcr-(3)occipitals, with tlie parictals, 7, 
and the alisphenoids, 6. This bone, in many other Mammals, deve- 
lopes a ^ mastoid ’ process, as in Birds : it is developed, as in them, 
in and from the lateral cranio-cartilage enveloping the otic capsule : 
It is plainly the homologiie of s in the Bird, fig. 196. Between a and 
6 in Echidna there is a vacuity in the bony skull. TJie parietal, 7, 
is relatively larger, the frontal, ii,is smaller, than in the Bird. 
The nasal, 15, is simjJy elongate, in Echidna as In Rhea, ; it does 
not bifurcate anteriorly by sending down a maxillary prong or pro- 
cess as in the Ostrich, fig. 196, 15 , and most Birds : but it is longer 
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and articulated^ or is united, throughout its length, with its fellow 
in the Mammal. The premaxillary, 22 , is correlatively shorter in 
the Mammal, not medially confluent nor sending oif a nasal process 
from the symphysis, as in the Bird. The maxillary, 21 , is larger, 
and the nasal process, of which the beginning is shown in 
Strutliioy is a broad and high plate in Echidna and most other 
Mammals. The hind part of the maxillary unites with a malar. 


196 



fig. 197, 26, styliform in Echidna some as it is in Birds, 

fig. 196, 26. The bone, 27 , articulates with 20 , but expands in 
Echidnay as in Chelonians, as it extends backward, and applies 
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Skull of Ecliultiiu 


itself, in most Mammals, to close the gap in the side-wall of the 
cranium left between 8 and 6, before articulating with the tym- 
panic, 28 : it also developes the articular surface for the mandible, 
29-32. This is one of the marked modifications of the squa- 
mosal in the Mammalian class. The retroduced part or append- 
age of the upper jaw again affords the joint to the lower jaw, as in 
the Plagiostoinous Fishes ; but the common pedicle, 28, is reduced 
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in the Mammal mainly to the support of the ear-drum, the accessory 
function with which it is charged wholly or in part in all air- 
breathing Vertebrates. 

Kemove 27 and 28 from the cranium of the Bird and Monotreme, 
as in figs. 196 and 197, and the homology of the remaining cranial 
bones, especially of 2 , 3 , 8, 6, is unmistakable. The mastoid, 8, 
in both Bird and Monotreme, is developed from cartilage ; arti- 
culates posteriorly with 2 , 3 , superiorly , with 7, anteriorly with 6; 
coossifies internally with the petfosal, and gives attachment 
inferiorly to the bone, 28 , wdiich supports wholly or in part the 
‘ membrana tympani.’ The squamosal, 27 , is a backward prolon- 
gation of the bar, 2fi, attaching the upper jaw' to the tympanic ; it 
is developed in the embryonal scatFoldii\g external to the proj)er 
cranial cartilage ; it articulates posteriorly Avitli the tymj)aiiic, 
28 . It forms no part of the outer wall of the cranium in Birds, 
and Is equally excluded from that cavity in Cetacea, fig. 198, in 
most Ruminants, fig. 140, 
and in many Rodents: the 
supplementary function 
of completing such cra- 
nial w^all is peculiarly 
mammalian, and docs not 
supersede the share taken 
in such lateral wall by 
8 and 6, in all Verte- 
brates. Moreover, 27 constitutes the hinder and major part of 
the zygomatic arch in both Birds and Mammals, as in most Rej)- 
tiles ; Avith siu'.h liomologically unimportant modifications of shape 
as arc exemplified in the Turtle and Crocodile (Vol. 1. figs. 91 
and 95 , 27 ), and in the figures 26, 140, 196, 197, 27, of the present 
Volume. 

The bony pedicle Avlilch suspends the mandible to the side- 
processes of the cranium, is that Avhich is marked 28 in the Fish 
(Vol. I. figs. 81, 84), the Serpent(figs. 96, 97), the Tortoise(figs, 91 
and 92), and the Crocodile (figs. 93,95). As those side-processes 
are homoty])es of the transverse processes (par- di-apophyses) of the 
triink-vertebraj, so 28 bears the same serial relation to the ^ pleura- 
pophyses,’ the mandibular rami completing ^ hajmapojdiysially ’ the 
inferior orduemal arch of the cranial segment. This A^tirtebraJ 
(iharacter is shown in the dcvelopement of the Vertebrate skull : 
the simple rib-like cartilage formed in the second (counting back- 
AA^ard) of the embryonal, ‘ Ausceral,’ or hfemal arches, manifests 
always its upper or ^ pleura] >ophysial ’ and its loAver or ‘ hicmapo- 
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pliysial ’ portions : and these arc more equal in length in Birds and 
Hiernatocrya than in Mammals ; for the embryo of a highly modi- 
fied and advanced class early shoAvs the characters of its class, 
Avhich become deceptive Avhen exclusively used as a light to 
general vertebral homologies. The true guide to the homology 
of 2 s is its articular connections to one or more cranial diapo- 
physcs: in Fishes and (Crocodiles, c.g., to the post-frontal and 
mastoid,* in Lizards and Snakes to the mastoid, in Birds to the 
mastoid and paroccipital, in Mammals to the mastoid. The con- 
neclion Avith the squamosal is later and supplementary in the 
Vertebrate scries. 

The tympanic pcdi(ile undergoes various .and extreme modifi- 
cations in relation to the functions, as v.arious, allotted to the 
second lucmal arch (counting backward) in the head. In Fishes, 
much of the mechanical partof the respiratory functions is perforine<l 
by the‘ tympano-mandihular ’ arch: hence the length, subdivision, 
and resultant elasticity of the suspensory piers or pedicles. In 
air-breathing Heewatocrya the branchial duty ceases ; but a special 
organ of sense, claiming more direct relation Avith the air, presses 
the tympanic pedicle into a serAuce unknoAvn to it in the watei*- 
breathers. In Chdonia^ fig. 91 (Vol. I.), the tympanic, 28 , is 
developed to form a frame for the car-drum, and it contributes 
more or less of that frame in Crocodiles, Lizards, and Birds : it 
has least concern Avith the tympanum in Serpents ; and, as these 
arc exclusively air-breathers, 2 a is restricted to its function of 
suspending the mandible, and retains most of its simple rib-like 
form as it descends from the lengthened diapo|)hysis, 8, fig. 97 
(Vol. I.) to the dentigcnais htnmapophysis, ai. The proximal arti- 
cular end of the tympanic may have a double condyle, as in some 
Fishes and Ilirds, a single condyle, .as in Lizards and Serpents, ora 
sutural margin for fixed junction, as in Ckdonia^ fig. 91, 28, and 
Crorodilia^ fig. 95, 28 . Such is its mode of articailation in all Mam- 
mals, in which class it manifests its extreme simplicity of function 
and reduction of size. To the ear-drum, Avhicli it sustains, is 
articulated, in Birds, a coluinclliform ‘ stapes,’ by the intermedium 
of a cartilage ; and in Monotremes and Marsupials, fig. 197, </, by 
the intermedium of a bone, c. This ossicle in higher Mammals is 
divided into ^ incus’ and ^malleus,’ which, like the columelliform 
‘ stapes’ in Birds and Reptiles, is developed, as in fig. 444, B, c 
(Vol. 1.), in connection Avitli, but not like tlie tympanic (//) and 
mandible in .and from, the })criphery of the primary ^ visceral ’ 
or Inemal cartilaginous arch, c.al led, from its discoverer, ^Meckel’s 
cartilage.’ 
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Having premised so much iu reference to the Mammalian 
skeleton generally or typically, its main modifications as exem- 
plified in the several orders of the class, Avill next be noticed. 

§ 179. — Skeleton of Monotremata. — A. Vertebral Colimn. — The 
principal osteological characters of this order are : — The extension 
of the ^ coracoid,’ fig. 199, 52, o, as in Birds and Lizards, from the 
scapula, 51, to the sternum, and anchy losing at full growth with 
the scapula, as at G, fig. 199 ; the epicoracoid,ib. as in Lizards ; 
the marsupial bones, ib. ;r, x ; the supplementary tarsal bone, 
ib. (U supporting the jierforated spur, e, in the male; the long 
persistence of distinct pleurapophyses, pl^ in the vertebra dentata. 

Both the genera liave twenty-six ‘ true vertcbrie,’ of which 
seven are cervical ; but the Ornithorliyuchus 
lias seventeen and the Echidna sixteen dor- 
sals, the lumbar vertebra) being three in the 
latter, and reduced to the lacertiau number 
two in the Ornlthorhynchus. 

Hie intervertebral substance is dense and 
fibrous at its periphery, fig. 200, a, but the 
fluid central part, fills a more definite 
(cavity in the Echidna than in higher Mam- 
mals.' 

In the dorsal vcrtebrie*the nerves perforate 
the neurapophyses ; but escape, as usual, at 
their intervals in the cervical and lumbar regions. The dorso- 
lumbar neural spines are short and subeiiual, fig. 201. The 
ribs of the first six dorsals have ossified sternal portions whicli 
articulate with the sternum; in the succeeding vertebrie to the 
fifteenth the sternal portions are cartilaginous, expanded, and 
overlaj) each other, iig, 199 ; the last two pairs of ribs termi- 
nate freely. Most iif the vertebral ribs articulate over the in- 
terspace of their own and the antecedent centrum ; a smnll 
tubercle defines the neck of the lab, save in the last four; but, 
save in the first and second, does not articulate with the dia- 
pophysis. The first dorsal jilcurapophysis is broad, the others 
arc cylindrical and slender ; cartilage is interposed between the 
bony plcur- and hiem-apophyses of the anterior dorsal vcrtebric, 
as in the Crocodile. The sternum consists of four bones in 
Ornlthorhynchus^ and of five in Echidna, The first, fig. 199, .v, 
is an unusually expanded ^manubrium,’ receives the liieina]K)- 
physes of* the first and second ribs, and suppoi’ts a large l''-slia])ed 
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episterniim, ib. t, T}ic sacrum consists of two vcrtebrse in 
Or nithorhyn chits y and of three in Echidna. 

There are thirteen caudal vertebras in the Echidna, fig, 201, 
The first is tlie largest, with broad transverse processes, the rest 
progressively diminishing, and reduced, in the six last, to the 


201 



central element. The Ornithorhynchus, fig. 109, has twenty-one 
caudal vertebrje, of Avhich all but the last two have transverse 
processes, and the first eleven have also spinous and articular 
processes. The pleurapophyslal parts of the transverse processes 
are distinguishable in half-growm animals. The transverse pro- 
cesses are broad and depressed ; they gradually increase in length 
to the tenth caudal, then as gradually diminish to the twentieth ; 
their extremities are expanded, and, from the fifth backward, arc 
thickened and tuberculate. The spinous processes progressively 
diminish in height from the first caudal. Plypapophyscs arc 
developed from the bodies of the third to the nineteenth caudal 
vertebra inclusive ; but there are no haemapophyses articulated to 
the vertebral interspaces, as in many Marsupials. In the Echidna 
hypapophyses arc absent ; but rudiments of Inemapophyses ai’e 
connected wdth the interspaces of one or two of the middle ver- 
tebra 3 of the tail. The caudal vertebrie in the Ornithorhynchus 
are of nearly the same length to the two last ; they progressively 
diminish in vertical diameter as they recede from the trunk, and 
are chiefly remarkable for their breadth and flatness ; resembling 
in this respect the caudal vertebrae of the Beaver and of the 
Cetacea ; the horizontally extended tail having a similar relation 
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to the frequent need which an a((iiatic animal with hot blood and 
a quick respiration of air has to ascend rapidly to the surface of 
the water. 

The cervical vertebne, fig. 186, have short and broad centrums 
confluent with neurapophyses ; the former developing a par- the 
latter a di-apopliysis : the pleurapophysis, ply is short and broad, and 
circumscribes the ‘ vcrtcbrartcrijil ’ canal by junction with both the 
transverse processes : wdiich joints in the last live cervical s arc 
obliterated earlier in Ornithorhynchm than in Echidna, In the 
latter not any of the ccrvicals have zygapophy^es save the atlas. 
The true centrum of this vertebra sup[)orts a great part of its neural 
arch, and long continues distinct from that of the axis : it has a long 
‘ odontoid ’ process. The lower part of the ring of the atlas sends 
off‘in Ornithorhynchiis a pair of long divergent hypapophyses. 

11. SkulL — The skull in both genera of Monotreniata is long 
and low, but characterised by a relatively larger cranium in pro- 
portion to the face than in most Marsiq)ials. The parietes of 
the expanded cerebral cavity are rounded, and their outer surface 

is smooth. These cliaracters 
arc most conspicuous in the 
Echidna, in which the jaws are 
slender, elongated, and gradu- 
ally diminish forward to an ob- 
tuse point, so that the whole 
skull resembles the half of a 
. pear spl i 1 1 ength wise. The facial 
angle of the Echidna is 36°, that 
of the Ornithorhynchus 20°, 
being almost the lowest in the 
inammiferous class. The cra- 
nial bones and their constituent 
pieces continue longer distinct 
in the Echidna than in the Or- 
nithorhynchus, in which they 
idtimately coalesce to a degree 
resembling that in Birds. 

In the Echidna the basiocci- 
pital, fig. 202, 1 , is flat and 
hexagonal, with the hiud-border 
notched to complete below the 
large vertical ^ foramen mag- 
num,’ and contributing to the 
lower part of each condyle, 2 , 2 : these are large and formed chiefly 
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by tlie cxoccipitalsjfig, 203, 2 , 2 , which are separated above the fora- 
men magnum by a notch, closed by membrane, in the recent state. 
The sui)eroccipital, ib. 3, is a transversely oblong quadrilateral 
plate, articulated by ^ harmonia,’ not only with the exoccipitals, 
but with the large mastoids, 8, and anteriorly with the parietals, 
fig. 197, 7.. The basisphcnoid, fig. 202, 5, supports laterally a 
pair of alisphenoids, fig. 197, 6, which are notched posteriorly by 
the trigeminal nerves, and expand as they rise to articulate with 
the [)arietals, 7, the mastoid, 8, and anteriorly with the orbito- 
sphenoid and frontal, il. The niastoid, 8, is chiefly conspicuous by 
its great size, in the Echidna, and the share which it takes, con- 
jointly with the petrosal, in the formation of tlie lateral, lower and 
posterior ])arts of the cranial cavity: in this character it retains 
much of its ornithic condition, fig. 196, 8. The small vacuity, 
left in the Monotreme, between the mastoid and alis])]ienold, is 
closed by the ajqdication thereto of the posteriorly expanded scpia- 
inosal, fig. 197, 27 . The pre- 
sphenoid, fig. 202, 0 , is con- 
nate Avith orbItosphcnoids,fig. 

197, 10 , pierced by the small 
optic nerves: the frontals, 11 , 
expand as they rise, but Avith- 
out developing su])crorbital 
ridges, and meet at a toothless 
suture along the middle of the 
n arroAV fc >re h cad . The vom er 
and prefroutals arc chiefly 
remarkable for their connection with enormous and obscuring tur- 
binals, su])porting an olfactory organ of vast extent. Tlie anterior 
part of the frontals is largely overlapped by the bases of the nasal 
bones, Avhich encroach ui)on the interorbital s|)ace. These, fig. 
197, 1 .^, receive the upper edge of the maxillary into a groove at 
their outer margin, and articulate anteriorly Avith the prcmaxil- 
laries, ib. 22 , Avhich meet above the nasal canal in front of the nasal 
bones for an extent of about three lines, and thus exclusively 
form the boundary of the single, oval, and terminal external 
nostril. The lower or palatal process of the premaxillary 
extends backw^ard in the form of a long and slender pointed 
process Avhich is AA^edged into a fissure of the maxillary. The 
incisive fissure is narrow and extends from the premaxillary 
symphysis some way betAA^een the palatine plates of the maxil- 
laries. The palatines, fig. 202, 20 , are long and entire where 
they form the hinder half of the roof of the mouth, diverging 
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posteriorly to form the narrow median nasal opening. The 
roof is continued by the pterygoids, ib. 24 and le', which articu- 
late, as in many Birds, with the tympanic, 28 , and the basi- 
sphenoid, 5 . Another mark of ornithic affinity is the confluence 
of the malar and squamosal, fig. 197 , 27: unless the slender pro- 
cess of the maxillary, ib. 26, may represent the malar. The 
tympanic cavity is excavated in the petromastoid and partly 
closed by the slender tympanic, fig. 202, 28, <?, which sends for- 
Avard a short homologue of the orbital process of that of the 
bird: al)Out three-fourths of the ear-drum are attaclicd to the 
tympanic, and one-fourth to the mastoid : the plane of the drum 
is nearly horizontal and looks dowiiAvard. The ^ sta[)es ’ is colu- 
melliform, fig. 197 , d: one crus of the incus anchyloses with the 
reduced tympanic at o ; the other is confluent Avith the malleus, c*. 

The loAver jaAv consists in the Echidna, fig. 197 , 29-32, of tAvo 
long and slender styliforui rami Avithout a symphysial joint, but 
loosely connected together at their anterior extremities. An 
angular process, 3o, divides the horizontal from the ascending 
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ramus, Avhich rises at an open angle and terminates in a small 
oblong convex condyle, 29. A short obtuse coronoid process, 3i, 
extends from the upper part of the horizontal ramui as far in 
advance of the angle as the condyle is behind it. The rest of 
the ramus is rounded like a rib, and diminishes to the anterior 
extremity. The dental canal commences below the coronoid pro- 
cess and divides in its progress, one branch terminating near the 
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middle of the smooth alveolar border, the other close to the end 
of the ramus. In no mammiferous animal does the lower jaw 
bear so small a proportion to the skull or to the rest of the 
skeleton as in the Echidna. 

In the Ornithorhynchus the lower jaw, fig. 204, E, is much 
more developed. Each ramus commences posteriorly by a large 
convex condyle. The ascending ramus is nearly horizontal, 
flattened below, and continued upward in the form of a low 
vertical compressed plate, on each side of which there is a deep 
fossa. The ascending is continued by a gentle curve into the 
liorizontal ramus, and the angle of the jaw is very feebly in- 
dicated. The horizontal ramus suddenly expands and sends off 
above in the same transverse line two short obtuse processes, both 
of which might be termed ‘ coronoid ; ’ this structure is peculiar 
to the Ornithorhynchus, Tlic innermost process, c, although 
the largest, is the superadded structure, as it affords insertion to 
the internal pterygoid. The socket, rZ, c, for the horny grinder, 
is shallow ; its floor is perforated by several large foramina. The 
dental canal divides ; one bninch opens by a wide elliptical fora- 
men on the outside of the ramus immediately anterior to the 
alveolus, the other terminates at the lower part of the end of the 
ramus. The rami of the jaw converge and are united at a sym- 
physis of more than half an inch in length ; there they become 
expanded and flattened, then again disunite, and are continued 
forward as two sj)atulate processes, Zv, which diverge from each 
other to their broad rounded terminations, 205 


and are situated just behind the inflected 
extremities of the similarly scj)arated ])re- 
maxillaries, ib. A, and fig. 205, 22. On the 
outer sides of the u]»pcr surface of the 
broad sympliysis arc the long and narrow 
sockets of the t wo anterior treiudian t horny 
teeth. The Monotremes differ from the 
Marsupials in the absenee of the inflected 
l>roccss developed from tlie angle of the 
lower jaw. 

The exoccipitals, fig. 205, 2 , Z>, and 
siiperoecipital,* ib. 3, are separate in tlie 
skull of the* young Ornithorhynchus here 
figured of the natural size. The mastoid, 
ih. c, e, contributes to part of the occi- 



pital surface, and advances anteriorly to the small cranial expan- 
sion of the scfuamosal at f, I'liis expansion does not exceed 
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ill size the glenoid process, whicli it meets at a right angle, and 
from the union of which the zygomatic process is continued for- 
ward to join the malar process of the maxillary : there is no dis- 
tinct malar bone. The parietal, ib. 7 , is long and large, undivided 
by a sagittal suture, from the place of which a bony falx is 
developed internally, fig. 204, B. The frontals are small, and in 
fig. 205, //, //, retain the frontal suture. The nasals, ib. 7 /, 7 ^, are 
long and large : they contribute to the rim of the orbit, and form 
the posterior half of the large bony nostril, 77 . The maxillary, ib. 
7/7, after sending olf a process which curves over the antorbital 
foramen, extends forward, diverging from the nasal to form the 
angular fissure which receives the premaxillary, u, 22 . Each of 
these bends inward at the anterior extremity, but is separated 
by a wide space. There is a small prcnasal ossicle at fig. 205, 
and h, fig. 204, a. '^fhe vomer forms a bony vertical septum 
dividing the nasal cavity from the presphenoid forward. The 
palatine plate of the maxillary, fig. 204, A, 21 , is pierced by large 
oblique canals for the transmission of palatine branches of the 
trigeminal nerve. The bony ))alate is coiitimicid backward entire 
between the large shallow alveoli, A, of the upper horny molars 
to the posterior nostrils, ?, which resemble those of tlie Crocodile 
in their backward position. The sutures defining the ])alatincs 
and pterygoids arc soon effaced. 

The Ornithorliynclius differs from the Echidna in the large 
vacuities behind and in fremt of the tympanic cavity, the one 
rc])resentiiig the combined jugular and precondyloid foramen, thcj 
other the foramen ovale. The notch above the foramen majrnuni, 
fig. 204, c, is better dofincjcl ; as is also the orbit. 

There is a small lacrymal foramen at the anterior and inner 
part of the orbit in both the genera of Monotremes; a little 
lower down is the coinmencemcnt of the antorbital canal. This 
canal branches in the Echidna, and terminates on the outer side 
of the maxillary boue by a succjession of small foramina ; but in 
the Ornithorhynclms, where it transmits a much larger sensi- 
tive nerve, it divides into three canals, of which one emerges 
beneath the iincinated process of the maxillary above mentioned ; 
a second descends and opens upon the palate; and the third 
passes forvvard into tlic substance of the facial fork, and termi- 
nates by a large foramen at the outside of the premaxillary bone. 

On the exterior of the cranium the ridges indicating the extent 
of the temporal muscles are clearly developed in the Ornitho- 
rhynchus, and correspond with the stronger zygomata and the 
more complete apparatus for mastication in this Monotrenie. 
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Four linear impressions upon the upper surface of the skull 
diverge from the middle of the lambdoidal ridge, and terminate 
at the temporal ridges. 

The interior of the skull offers many unusual modifications. 
The sella turcica is elongated and narrow in both Mouotremes ; 
it is bounded by two very distinct lateral walls in the Echidna. 
The posterior clinoid processes are chiefly remarkable for their 
height in the Ornithorhynchus. Jbe semicircular canals stand 
out in high relief in this species, as in Ifirds. In the Echidna 
the olfactory capsule encroaches upon the anterior part of 4hc 
cranial cavity in the form of a large convex protuberance, and a 
very extensive cribriform })late is developed. In the Ornitho- 
rhynchus the olfactory tract is comparatively small in the form ol* 
a depression, and the nerve escapes by a single foramen in the 
prefrontal: this is likewise an interesting mark of affinity to the 
Bird andlieptile. But the most remarkable feature in the interior 
of the skull of the Ornithorhynclius is the bony falx, fig. 204, Ji. 
'rhis is not present in the Echidna. The tentorium is mem- 
branous in both Mon otr ernes. 

C. leones of thf* Lirnhs , — The scajmlcn, fig. 199, (i and T)!, are 
compressed curved ])lates, vertical in position, like the other 
])lcurapophyses : they have coalesced with their Ineinapophyses, 
the coracoids, 52 and a, u, which articulate below to the ex])andcd 
hannal S])ine, called ‘ episterniim,’ t, and also with the succeeding 
spine, called ‘ manubrium,’ .s*, or first bone of the true sternum. 
A dismemberment of the coracoid, /i, extends its attachments also 
to the elongated T-shaped episterniim. 

The whole scapula is broader, thicker, and less curved in the 
Echidna, fig. 201, 51 , than in the Ornithorhynchus, In both 
Mouotremes, the posterior margin or costa is concave, most so in 
the Ornithorhy infill IS, and in botli it is turned toward the trunk, 
so that the subscapiilar surface looks obliquely forward and 
inward. The articular surface is divided into two facets: the 
one, internal and flat, articulates with the coracoid; the other, 
external, is slightly concave, and contributes, Avith a similar but 
narrower concave surface of the coracoid, to form the glenoid 
cavity for the humerus. 

The coracoid, fig. 199, G, o, and .'52, early coalesces with the 
scapula in ‘the Ornithorhynchus ; it maintains its indejiendent 
condition to a later period in the Echidna. In both it is a strong, 
subcompressed, siibelongate bone, expanded at both ends: one of 
these is articulated and aiicliyloscd Avith the scapula, as above 
described ; the other is joined tu the anterior and external facet 
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of the inanubriiim sterni. The posterior margin of the coracoid 
is concave and tree; the aiitenor margin is straight and articu- 
lated with a narrower ‘ epicoraeoid ’ in the Echidiia than in the 
Ornithorhynehus. 

The cluvirks^ fig. 199, m, m, are two curved styles, extending 
from tlic acromion along the transverse bar of the epistcrnum, t. 
The luimerus, ib. 5;!, is remarkable for its shortness and breadth, 
es|)ecially of its two extremities. There is a small sesamoid os- 
sicle, above the internal tuberosity, answering to the ^ os humero- 
capsulare’ in the shoulder-joint of Birds (p. 67). The proximal 
exiiansion terminates by a broad thick convex border, the middle 
part of whi(;h is devclojied into the articular head, which is so 
adapted to tin? glenoid cavity, that the bone is maintained in a 
horizontal ])osition, and the distal exjianslon is nearly vertical. 
The deltoid and pectoral crests are strongly developed; both 
condyles are rcmai’kably produced, especially the Internal one, 
which is i)crforatcd, lig. 199, ii, a. The distal articular surface 
scarcely occiupies a fourth part of that broad termination of the 
humerus: it presents, in the Echidna, fig, 201, 5.^, a convex 
tubercie, which is broadest in Iront for the articulation of the 
radius, narrow behind for that of the ulna. The articular sur- 
faces of both antibrachial bones are (ioncave: so that the elbow- 
joint admits freely of flexion and extension, abduction and adduc- 
tion, but is restricted in the movement of rotation. 

The radius^ fig. 199, 54 , and ulna., ib. 55 , are in contact and 
pretty firmly connected together through nearly their whole ex- 
tent; the interosseous s[)ace being reduced to a slight fissure. 
The uhnt is chiefly remarkable for the olecranon, fig. 199, 1, u, 
which is bent forward u}M)n the humeiais, and transversely ex- 
panderl at its extremity, especially in the Oniithorhynclius, in 
which the lowei* or inner angle of the expanded extremity is con- 
siderably |)i-odn<'ed. The shaft of the ulna is compressed, and 
increases in breadth, in the Echidna, as it ap[)roaches the broad 
carjms. In the Ornithorhynehus it is bent like the italic J\ is 
more cylindrical, and more suddenly expanded at the distal end. 
The radius oilers little Avorthy of notice, except that in the Orni- 
thorhynchus it is flattened next the ulna, and so applied to that 
l)one as to prevent altogether a rotation of the hand upon the 
ulna. In the Echidna the distal articidar surface 6f the ulna, 
fig. 207, w, presents Uvo convex trochlero separated by a median 
concavity; that of the radius, il). r, offers a reverse condition; 
here two concavities are divided by a median convex ridge : all 
the four facets at the carpal joint of the antibrachium are in the 
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same transverse line. The two radial concavities receive the two 
articular convexities of the broad scapholunar hone, fig. 206, a ; 
the two convex trochleie of the ulna play u])on two concavities, 
one-half of cacli of Avliich is contributed by the (Mineiforin, ib. />, 
and pisiform, c. This complicated joint limits the movement of 
the hand upon the fore-arm to flexion and extension. 

Notwithstanding the confiiience of the scaphoid with the lunar 
bone in the carpus of the Echidna, as in that of* tlie Marsupials 
and Carnivora, it includes eight ossicles, a small sesamoid bone, 
fig. 206, .r, being developed in the tendon of the fle^xor carpi 
radialis, and articulated with the scapholunar bone, «, and 
radius. The distal series of the car])us includes the four nor- 
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mal bones, the trapezium, ib. d, supporting tlie innermost digit 
or pollex, the trapezoides, c, the index, the os magnum, f, which 
is almost the smallest, sustaining the medius, and the uiici- 
forme, the two outer digits : in the Ornltliorhynchus the os 
magnum contributes a greater share to the artieulatiou with the 
ring-finger. 

In the Echidna all the bones of the fore-extremity are rela- 
tively larger and stronger than in the Ornithorhynehus, but this 
difference is especially remarkable in the metacarpals and two 
first rows of phalanges, fig. 206, h, /, k, Avhich are singularly 
short, broad, apd thick. The ])alui is strongthened by two large 
sesamoids developed in the flexor tendons; these arc sometimes 
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confluent, fig. 207, /. The number of phalanges in both Mono- 
tremes is the Ksame as in other Mammals, viz. two to the thumb 
and three to each of the fingers. This is not the case in any 
Saurian, and the retention of the Mammalian type at the peri- 
pheral segment of the limb, with the singular deviation from it, 
at the central supporting arch, is not one of the least remarkable 
points in the osteology of the ilonotrcmes. 

There is a sesamoid bone at the j)almar aspect of each of the 
distal articulations of the iflialanges in the Echidna, fig. 207, m, 
and at all the digital articulations in the Ornithorhynchus, fig. 
199, jr, (L The ungual phalanges are long, depressed, nearly 
straight, of gi’cat strength in the Echidna, in w^hich each of them 
is perforated at the palmar as])ect, fig. 207. 

llic i)clvis of the Monotremes bears a resemblance to that of 
lieptiles in the length of time during which the three components 

of each os innominatum remain 
distinct, especially in the Echid- 
na ; and in the great developc- 
raent of the ilio-])cctincal spine, 
which equals in size that of the 
Tortoise, in the Ornithorhyn- 
chus: the pelvis of the Ecliidna 
resembles that of Birds in the 
perforation of the acetabulum, 
fig. 208,// ; but the pelvis in both 
Monotremes chiefly resembles 
that of the higlicr Ly encephala 
in the presence of the marsupial 
bones, ib. #?, fig. 199, 2 :, 

The ilhim^ figs. 199, 208, 62 , 
is a short, strong, trihedral bone, 
with the upper extremity ex- 
panded and everted in the Ornithorhynchus : the ischium^ ib. 6^, 
has its tuberosity prolonged backward in an obtusely-pointed 
form : the pnhis in the same animal, besides having the spinous 
process directed forward, gives off* a second smaller process, Avliich 
])rojects outward; tliis process is present, but less developed, in 
the Echidna, fig. 208, 64. The j)vibis and ischium contribute an 
equal share to the formation of the foramen obturatorium, ib. //, 
and to the symphysis, d, which closes the pelvis below. 

Ihc inarsajnal hones, fig. 199, x, x, 208, c, are relatively larger 
and stronger in the Monotremes than in the ordinary Marsupialia, 
the Koala excepted ; their base extends along the anterior margin 
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of the pubis from tlie symphysis outward to that of the spinous 
process: they are relatively longer in the Echidna than in the 
Ornithorhynchus ; they always remain moveably articulated with 
the brim of the pelvis. 

The femur y fig. 199, g5, is short, broad, and flattened ; its head 
rises, like that of the humerus, from the middle of a broad ex- 
panded proximal end, liaving on each side a strong process, the 
outer one representing the great, the inner one the small, tro- 
chanter. In the Echidna a projecting ridge extends from tlie 
great or outer trochanter beyond the middle of the bone ; the 
whole of the inner part of the shaft is bounded by a trenchant 
edge ; both outer and inner margins of the bone are trenchant in 
the Ornithorhynchus. The distal end of the femur is expanded 
transversely, but compressed from before backward. Tlie rotular 
trochlea is flat transversely, convex vertically, in the Echidna ; it 
is hardly definable when the cartilage is separated from the bone ; 
but the patella itself is well developed, and ossified in both 
Monotremes, fig. 199,^, 

The tibia y ib. G6, is straight in the Echidna, but bent, with the 
convexity next tlic fibula, in the Ornithorhynchus ; its cristie arc 
slightly marked. 

'Y\\q fhula is slightly bent 
in the Echidna, fig. 201, 07, 
but is straight in the Orni- 
ihorhynchus, fig. 199, 07 ; in 
both Monotremes it is longer 
than the ti1)ia by the extent 
of ^ process, ib. wdiich 
rises upward beyond the 
]:)roximal articulation of the 
fibula, and strongly expresses 
the honK)ty[)al relation of 
this bone with the ulna: 
this procesis reaches halfw^ay 
up the back of the femur in 
the Ornithorhynchus, and, 
like the olecranon, is greatly 
expanded at its termination. 

The tarsus y figs, 209, 210, 
consists of a naviculare, «, 
astragalus, />, a calcaneum, c, 
three cuneiform bones, </, c, f and a cuboid, //, in the Echidna ; 
but the cuboid in the Ornithorhynchus is divided into two bones, 
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as in some Reptiles, one for the fourth and the other for the fifth 
metatarsals. In both Monotremes there is a sesamoid bone, fig. 
209, placed at the interspace between the astragalus and the 
naviculare; a second supernumerary bone, ib. **, is articulated 
to the posterior part of the astragalus, and supports the per- 
forated spur Avhicli characterises the male sex, fig. 199, K, rf, e. 
The calcancum of the Ornithorhynchus, c/, terminates by sending 
outward a sliort obtuse tuberosity ; in the Echidna this part is 
more slender, and is singularly directed inward and forward 
nearly in a line with the digits, fig. 210, c. 

The astragalus in the Ornithorhynchus presents a double 
trochlea above for the tibia and fibula, and a depression on its 
inner side, which receives the incurved mal- 
leolus of the tibia, almost as in the Sloths. 
The toes have the same number of bones 
as in other Mammals ; their size and form 
are more alike in the two Monotrematous 
genera than those of the fingers : the un- 
gual phalanges, like the claws they support, 
are more curved than those on the fore-foot, 
but like them they are perforated on their 
inner and concave side, fig. 210. 

§ 180. Skeleton of Mar supialia, — A. Ver^ 
tehral Column , — The number of ‘ true ’ ver- 
tebne is the same in all the MnrsujnaUa, 
viz. 2G ; that of the dorsal and lumbar series 
varying according to the number of long 
and free ribs, e. g. d 12 I i in Petaurists, 
15 / 4 in Wombats, f/ is / ti in other genera ; 
the cervicals are seven in all. 

In the Koala the length of the spine of the first dorsal hardly 
exceeds that of the last cervical, but in all other Marsupials the 
difference is considerable, the fii'st dorsal spine being much longer ; 
those of the remaining dorsal vertebra) progressively diminish in 
length and increase in breadth and thickness. They slope toward 
the centre of motion, which is shown by the verticality of its 
spine : this, in the Perameles^ is at the eleventh dorsal vertebra, 
in Potoroos and Kangaroos, fig. 211, at the ninth -twelfth, in the 
Petaurists at the thirteenth vertebra. In the Phalangers, Koala, 
and 'W’^ombat, the flexibility of the spine is much diminished, and 
the centre of motion is not defined hy the convergence of the 
spinous process toward a single vertebra, but they all incline 
slightly backward, fig. 212. 
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The metapophyses which begin to increase in length in the 
three posterior dorsal vertebrae, attain a great size in tlie lum- 
bar vertebrae, and are locked 'into the interspace between the 
anapophyses and post-zygapophyses. The diapoiJiyses of tlic 
lumbar vertebrae progressively increase in length as the ver- 
tebra} approach the sacrum ; they are most developed in the 
Wombat, where they are 
directed obliquely forward. 

In the Kangaroos, Potoroos, 
and Perameles, they are 
curved forward and ob- 
liquely downward. The 
length of these and of the 
metapophyses is relatively 
least in the Petaturists, 

Phalangers, and Opossums. 

In the Wombat the meta- 
pophysis rises suddenly from 
the outside of the prezyga- 
pophysis of the twelfth dor- 
sal, increases in length to 





Kangaroo. 


the second lumbar, diminishes by degrees to the second sacral, 
and is rudimental in the following sacral and caudal verte- 
bra}. A rudiment of the anapophysis is first discernible on the 
eleventh dorsal : the process gradually increases to the last dorsal, 
diminishes in the lumbar, and disappears in the last of that series. 
The diapophysis, moreover, is not suppressed on the last dorsal 
vertebra. The serial homology of the transverse processes of 
the lumbar vertebrie is here manifested in the most unequivocal 
way; both metapophyses and anapophyses coexist with diapo- 
physes in the last four dorsal and the first tliree lumbar vertebrie. 
Whether^ therefore, the metapophysis or the anapophysis be the 
part called ‘ tubercle ’ by some Anthropotomists, neither of them 
is, in the lumbar vertebne, the process named ^transverse’ in 
the thoracic vertebra} : that process, to which the name ‘ diapo- 
physis ’ is restricted in the present work, is continued distinctly 
into the lumbar region, and is there lengthened out by a super- 
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added ^pleurapophysis/ which is ossified from a distinct centre in 
the Wombat. 

The free or thoracic ribs consist of bony pleurapophyses and 
gristly hicmapophyses, acquiring bone-earth only in aged Mar- 
supials: in the Wombat the six anterior pairs articulate directly 
with the sternum, in the nine following the haemapophyses are 
attached to one another. The pressure wdiich the trunk of the 
Wombat must occasionally have to resist in its burrowing work 
may be the condition of the unusual number of bony arches of tlie 
trunk. In the Kangaroo seven anterior pairs of ribs join the 
sternum; several of the posterior pairs terminate freely, fig. 211. 




The sternum consists of a longitudinal series of four bones in 
the Wombat, of five in the Pctaiirist, and of six in most other 
Marsupials. The first, or ^manubrium,’ is the largest; in many 
a longitudinal crest is developed from the middle of its outer 
siirt ace, which in Wombats and Phalangers is produced, and gives 
attachment to tlic clavicles. The first pair of ribs abut upon the 
anterior angles of the triangular manubrium of the Wombats, but 
in Dasyiires, Opossums, Petaurists, and Kangaroos, the manubrium 
is compressed and elongated, and the clavicles join the ])roduccd 
anterior end. The ha?mapophyses articulate at the interspaces 
of the succeeding sternebers, the last of which supports a broad 
fiat ‘ xijdioid ’ cartilage. 

The number of vertebras succeeding the lumbar w^hich are 
anchylosed together in the sacral region of tlic spine, amounts in 
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tlie Wombat to seven, fig. 213; but if we regard tliosc vertebrai 
only as sacral wliicb join the ossa innominata, then there arc but 
four. In the Phalangers there are generally two such sacral 
vertcbrje, but in the Phalancfista CooMi the last lunibar assumes 
the character of the sacral vertebrae both by anchylosis and partial 
junction with the ossa innominata. 

In the Kangaroos and Potoroos the impetus of the powerful 
hinder extremities is transferred to two anchylosed vertebrae. In 
the Perarneles there is only a'" 
single sacral vertebra, the spine 
of which is shorter and thicker 
than those of the lumbar vertc- 
Iwac, and is turned in the con- 
trary direction, viz. backward. 

In the Myrmecobius there arc 
four saci*al vcrtel)ne by anchy- 
losis, tAvo of which join the ilia. 

In Mange’s Dasyure, two sacral 
vertcibrie are ancliyloscd, but it 
is to the expanded transverse pro- 
cesses of the anterior one only 
that the ossa innominata arc 
joined. The same kind of union 
exists in the Viverrine Dasyure, 
l)ut three vertebne are anehy- 
loscd together in this S])ecies. In 
the Phalangers and Pehxurists 
there arc two sacral vertebra?. In Pefauruif niacnirns three arc 
anchylosed together, though only txvo join the ilium. In the AVom- 
bat, fig, 213, the transverse processes of the numerous anchylosed 
vertebra? are remarkable for their Icngtii and flatness : those* of the*, 
first four are directed outward and are confluent at tlieir extremi- 
ties ; the remaining ones are turned in a slight degree backward, 
coalesce, and very nearly reach the tuberosities of the is(*Ina: 
behind these they gradually diminisli in size and disappear in 
the three last caudal vertebne. The transition from the sacral 
to the caudal vertcl)rai is here very obs(!ure. If we limit the 
sacral to the three or four Avhich join the ilium, then there 
remain twelve vertebra? for the tail. The spinal canal is com- 
])lete in all but the last tliree, Avhich consist only of the body. 
There are no hiemal spines, and as only the six posteiior ver- 
tebrie, Avhich progressively diminish in length, extend l)eyond 
the posterior aperture of the pelvis, the tail is scarcely visible 
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in the living animal. In the Koala, fig. 227, the tall- is also 
very short. In the Cliccropus it seems to he wanting. In one 
species of Pcrameles I find eighteen caudal vertebne ; in another 
twenty- three. In two species of Potoroo there are twenty- 
four caudal vertebroB, but the relative length of the tail differs 
in these by one third, in consequence of the different length 
of the bodies of the vertebrie. In Hypsiprymnm ursinus there 
are more than twenty-six caudal vertebvie. In the Great Kan- 
garoo there are twenty-two caudal vertebroB. In Bennett’s Kan- 
garoo there are twenty-four caudal vertebraB, which are remark- 
able for their size and strength. In the Phalanghta vulpina, 
there are twenty-one caudal vertebrfe. In the Petaiirns 7w«- 
crurus I find twenty-eight caudal vertebrie, while in the Pet 
sciureus there are but twenty ; the bodies of the middle caudal 
vertebrjB in both these species are remarkably long and slender. 
The Myrmecobius has twenty-three caudal vertebrae: \\\ Dideiphys 
cancrivora there are thirty-one ; in the Virginian Opossum there 
are t^venty-two caudal vertebrae. In the latter species the spinal 
canal is continued along the first six; beyond these the neural 
vspines cease to be developed, and the body gives off, above, only 
the two anterior and two posterior zyga})ophyses wdiich are rudi- 
inental, and no longer subservient to the mutual articulation of 
the vertebra?. The tinnsvcrse processes are single on the first 
five caudal vertebra?, and arc nearly the breadth of the body, 
but diminish in length from the second caudal, in which vertebra? 
they are generally the longest. In the other vertebra? a short 
obtuse process is developed at both extremities of the body on 
either side, so that the dilated articular surfaces of the postcj’ior 
caudal vcrtcbrie present a quadrate figure. 

In most of the Marsupials wdiich have a long tail, this ap- 
pendage is subject to pressure on some i)art of the under surface. 
In the Kangaroo, fig. 211, this must obviously take place to a 
considerable degree when the tail is used as a fifth extremity, to 
aid in supporting or propelling the body. In the Potoroos and' 
Bandicoots the tail also transmits to the ground part of the super- 
incumbent pressure of the body by its under surface, when the 
animal is erect, but it is not used as a crutch in locomotion as 
in the Kangaroos. In the Phalangers and Opossums the tail is 
prehensile, and the vessels situated at the under surface are liable 
to compression w^hen the animal hangs suspended by the tail. 
To protect these vessels, therefore, as well as to afford additional 
attachment to the muscles w^hich execute the various movements 
for which the tail is adapted in the ahovc-meutumed Marsupials, 
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V-sljiipcd bones, or liiemal arches, are developed, of various forms 
and sizes, and are placed beneath the articulations of the vertebne, 
a situation which is analogous to that of the neural arches in the 
sacral region of the s})ine in Birds, and in the dorsal region of 
the spine in the Clielonian Rey)tiles. The two crura of the 
luernal arch embrace and defend the bloodvessels, and the spinous 
process continued from their ])oint of union j)resents a variety of 
forms in different genera. in Cook’s Plialanger the luemapo- 


physes commence between the second and third caudal 
vertebne, increase in length to the fourth, and then 
pj’ogressively diminish to the end of the tail; the 
penultimate and antepenultimate presenting a per- 
manent separation of the lateral moieties, and an 
absence of the s])ine, lig. 214. In the Great Kan- 
garoo the spine of the first luernal arch only is simple 
and elongated, the extremities of the others are ex- 
panded, and in some jut out into four obtuse })ro- 
cesses, two at the sides, and two at tlic anterior and 
posterior s u rfaees. 

The cervical vertebra?, seven in number in all Mar- 
supials, show usually to the last the circumscri|)tion of 
the vertebrarterial foramen by (jonfluence of a short 
idcurapophysis, fig. 2i(), with di- and met-apophy- 
ses : but 1 have seen the plcurapophyses still unan- 
cliylosed in a full-grown Perameles. In Dasyures, 
Opossums, Phalangers, and Peramcles, the seventh 
cervical has the diapophysis only: in the Kangai-oos 
both atlas and dentata may have the transverse pro- 
(?ess merely grooved by the vertebral arteries: in the 
Koala and Wombat the atlas ])resents only the per- 
1‘oration on each side of the su})erior arch. In the 
Perameles and some other JMarsupials, tlie ueura[)o- 
physes of the atlas, fig. 216, arc distinct from the 
Jiypapophysis, fig. 215, A, as well as from their proper 
centrum, the odontoid, fig. 216, ca. In the Koala 
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and Wombat the hypapophysis remains cartilaginous, and the 


lower part of the vertebral ring is completed, in the 
skeleton, by dried gristly substance, fig. 216. In the 
IVbaurist}?, Kangaroos, and Potoroos, the atlas is 
completed below by an extension of ossification from 
the neurapophyses into the cartilaginous hypapophy- 
sis, simulating the body, and the ring of the vertebra is for a long 
time interrupted by a longitudinal fissure in the middle line, tlie 



334 


ANATOMY OF VERTICURATES. 


breadth of which diminishes with age. In all the Marsupials the 
spine of the dentata is well developed both in the vertical and longi- 
tudinal directions, but most so in the Virginian and Crab-eating 
Opossums, fig, 217, where it increases in thickness ])Osteriorly ; 
in these species also the third, fourth, and fifth cervical vertebra) 

have their spines remarkably long and 
thick, but ju'ogrcssively diminishing 
from the third, fig. 218, which equals 
in height and thickness, but not in 
longitudinal extent, the spine of the 
dentata. These spines are four-sided, 
and being closely impacted together, 
one behind another, must add greatly 
to the strength, while they diminisli 
the mobility, of this part of the spine. 
The structure of the transverse pro- 
cesses of the cervical vertebi’ie, fio*. 
218, dy is also adapted to the strength- 
ening and fixation of this part of the 
vertebral column: they arc expanded nearly in the axis of the 
spine, bnt so that the posterior.* part of one transverse process 

overlaps the anterior part of 
the succeeding. This struc- 
ture is exhibited in a slightcir 
degree in the cervical vorte- 
bne ()1 tlic Dasyures, Pha- 
hnigcTS, and Gi*eat Kangaroo. 
In the Petaurists, Potoroos, 
Wombat, and Koala, the di- 
rection and simpler form ofth (5 
transverse processes allow of 
greater freedom of lateral mo- 
tion. In the Koala and Wombat a short obtuse process is given 
olf fi-om the under part of the transvei-sc process of tlic sixth 
cervical vcrtehrie. In the Potoroos, Kangaroos, Petanrists, Pha- 
langers, Opossums, and Djusyures, this ])rocess is remarkably 
expanded in the direction of the axis of the spine. In the Bandi- 
coots corresponding processes arc observed, progressively increasing 
in size, on the fourth, fifth, and sixth cervical vertebrie. 

B. - The fiirm of the skull varies much In different 

Marsupials, but it may be said, in general terms, to resemble an 
elongated cone, being terminated by a vertical plane surface 
behind, and in most of the species converging toward a point 
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anteriorly : it is also generally more depressed or flattened tluin 
in the placental Mammalia. The skull is also remarkable in all 
the Marsu})ial genera for the small proportion which is devoted 
to the protection of the brain, and for the great expansion of tlie 
nasal cavity immediately antci’ior to the cranial (!avity. 

In the stronger carnivorous Marsupials the exterior of the cra- 
nium is characterised by bony ridges and muscular impressions, 
but in the smaller herbivorous and insectivorous species, as the 
Petaurists, Potoroos, and Mi/rnkccohius, the cranium presents a 
smooth convex sui’l ace as in .Birds, corresj)onding with the smooth 
unconvoluted surface of the simple brain contained within, fig. 
219 . 

The breadth of the skull in relation to its length is greatest in 
the Wombat,^ Ursine Dasyure,^ and Petaurists, in which it equals 
three-fourths of the length, and is least in the Penimeles hujotis^ 
in which it is less than one-half. 

The occipital region, which is generally plane, and vei’tical in 
|)Osition, forms a right angle with the upper surface of the skull, 
from which it is separated by an occi[)ital or lambdoidal crista. 
This crista is least devclot)C(f in the Myrrnecobius, Petaurists, 
and Kangaroos, and most so in the 
Thylacine and larger Opossums, in 
which, as also in the Koala, the 
crest ciqj^ves slightly backward, and 
thus changes the occi|)ital plane 
into a concavity for the firm im- 
])lantation of the strong muscles 
IVoni the neck and back. 

The ii[)per surflice of the skull ])resents great diversity of 
character, wliich relates to the difterent develo])enient of the 
temporal muscles, and the varieties of dentition in the diflerent 
genera. 

• The extinct Nototherium offers the singular exception of an 
expansion of the facial part of the skull, vertically and trans- 
versely, from the orbits to the terminal muzzle.'* 

In the Wombat the coronal surface offers an almost flattened 
tract bounded by two slightly elevated temporal ridges, which 
are upwards of an inch apart posteriorly, and slightly diverge as 
they exteifd forw^ard to the anterior ])art of the orbit. In the 
skull of the Virginian Opossum the sides of the craJiiuin meet 
above at an acute angle, and send upward from the line of their 

* As 15 to 20. * As 10 to U. 
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union a remarkably elevated sagittal crest, which, in mature 
skulls, is proportionally more developed than in any of the pla- 
cental Carnivora, not even excepting the strong-jawed Hytcna, 
The Thylacine and Dasyurcs, es])ecially the Ursine Dasyure, ex- 
hibit the sagittal crest in a somewhat less degree of developement. 
It is again smaller, but yet well marked, in the Koala and Pera- 
meles. The temporal ridges meet at the lambdoidal suture in the 
larger Phalangistoi and in the Hifpsiprtfrnni, but the size of the 
muscle in these does not require the developement of a bony crest. 
In the Kangaroo, the temporal ridges, which are very slightly 
raised, are separated by an interspace of the third of an inch, 
lliey are separated for a proportionally greater extent in the 
Petaurists, especially Petaurus Jiavwenter ; and in the smooth 
and convex upper surface of the skull of Petatirns sciureus^ Pet. 
pigmeem^ MyrmecohiuSy the impressions of the feeble temporal 
muscles almost cease to be discernible. 

The zygomatic arches are, however, complete in these as in all 
the other genera ; they are usually, indeed, strongly developed ; 
but their variations do not indicate the nature of the food so 
(dearly, or correspond with tlie differences of animal and vegetable 
diet in the same degree, as in the ])lacenhil Mammalia. And 
this is not surprising when ayc recollect that no IVIarsupial ani- 
mal is devoid of incisors in the upper jaw, like the ordinary 
Ruminants of the placental series: accordingly the more com- 
plete dental system Avlth Avhicli the herbivorous Kangaroos, 
Potoroos, Phalangers, 8:c., are i)rovided, and which a})pears to be 
in relation to the scantier pasturage and the dry and rigid cha- 
racter of the herbage or foliage on Avhich they bn)wse, requires a 
stronger ap])aratus of bone and muscle for the action of the jaws, 
and es])ecially for the working of the tei'ininal teeth. There are, 
however, well-marked differences in this part of the Marsupial 
skull ; and the weakest zygomatic arches arc those of the Insecti- 
vorous Perameles and AcrohateSy in which structure avc may 
discern a corrcsj)()ndcnce Avith the Edentate Anteaters of the 
placental series. Still the difFerence in the developement of the 
zygomata is greatly in favour of the Marsupial Insectivora. 

The Ilypaiprymni come lu^xt in the order of developement of 
the zygomatic arches ; Avhicli again are proportionally much 
stronger in the true Kangaroos. The length of the zygomata in 
relation to the entire skull is greatest in the Koala and Wombat. 
In the former animal they are remarkable for their depth and 
straight and parallel course, as well as for their longitudinal ex- 
tent, fig. 221, In the Wombat, fig. 220, they have a considerable 
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curve outward, so as greatly to dinuuish the resemblance which 
otherwise exists in the form of tlie skull between this Marsupial 
^ and the Herbivorous Kodentia of the placental series, as, e. g., 
the Viscaccia, 

In the carnivorous Marsu 2 )lals the outwnrd sweep of the zygo- 
Uiatic arch, which is greatest in the '^riiylacine and Ursine 
Dasyiiro, is also axHioinpanicd by a slight curve upward, but this 
curvature is chiefly expressed by the concavity of the lower 
margin of the zygoma, and is by^o means so w^ell marked as in 
the j)lacental Carnivora. It is remaikable that this upwnrd cur- 
vature is greater in the slender zygomata of the reraincles than 
in the stronger zygomata of the Dasyures and Opossums. In 
tlic Koala and Phalange rs there is also a slight tendency to the 
upward curvature ; in the Wombat tlic outwardly expanded arch 
is horizontal. In the Kangaroo the lower margin of the zygoma 
describes a slightly undulating curve, the middle part of which is 
convex dowmvard. 

In many of the Marsiipiala, as the Kangaroo, the Koala, some 
of the Phalangers, Petaurists, and Opossums, tluj superior margin 
of the zygoma begins immediately to i*ise above the posterior 
origin of the arch. In tlie Wombat an external ridge of hone 
commeiuajs at the middle of the lower margin of the zygoma, and 
gradually extends outward as it advances foiwvard, and being 
joined by the upper margin of the zygoma, forms the lower 
boundary of the orbit, and ultimately curves downward in front 
of the antorbital foramen, bolow'^ which it l)ifiircates and is lost, 
'^riiis ridge results, as it w^ere, from tlie flattening of the anterior 
]»art of tlie zygoma, wdilch thus forms a smooth and slightly con- 
cave horizontal iilatform for the eye to rest upon. 

The same structure obtains, but in a sligliter degree, in tlie 
Koala. In the Kangaroo the anterior .and inferior part of the 
zygoma is extended dow rnvard in tlie form of a conic, al pro(*ess, 
which reaches behnv the level of the gi*inding-teeth ; it is de- 
velojied from the maxillary. A much shorter and more olituse 
process is observable in the corresponding situation in the Plia- 
langers and Opossums. 

The relative length of the facial jiart of the skull anterior to 
the zygomatic arches varies remarkably in the diiferent Marsupial 
genera. In the ^Vom))at it is as six to nineteen ; in the Koala as 
five to fourteen ; in the Fefaiirus scinreu.s and Pv.tanrm Bmmttii 
it forms about one-foiirth of the entire skull ; in the Phalangers 
about one-third ; in the carnivorous Dasyures and 0|)ossums more 
than one-third; in the Thylacinc nearly one-half ; \\\ PernmeJea^ 
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Macrojnis^ and nj/])sipn/nmHS murinus^ the loniijth of the skvill 
anterior to tlic orbit is equal to the remaining* posterior ])art; but 
in a species frt)in Van Dieinaii’s Land ini/osuruH^ 

Ogilb.), the facial pai*t of the skull anterior to the orbit exceeds 
that of the remainder, and the arboreal Hppslprprnni from New 
Guinea present a still greater length of muzzle. In most May- 
supials the skull gradually converges toward the anterior ex- 
tremity ; the eonvergmice js more sudden in the Pctaurlsfs, 
especially PeL Bf j/vt tfu; but in the Peramdes hujotis the skull 
is remarkable for the sudden narrowdng of the face anterior to 
the orbits, and the ])rolongatioii of the attenuated snout, pre- 
serving the same diameter for ii])W’ards of an inch before it finally 
lajjcrs to the extremity of tlu‘ nose. In lln^ Koala the corre- 
sponding part of the skull is as remarkabh*, for its shortness as 
it is in tlie Pn\ lapotis for its length, but it is bounded laterally 
l)y |)arallel linos through its whole extent. In nearly all the 
Marsu])ials two long [^arapophyses [)roject dowinvard from the 
inferior angh'S of the occii)ital region. These processes are 
longest in the Kangaroos and Koala; in the Wombat they 
coexist with the true mastoids, which a»*e. ol* larger size, fig. 
220, 8. In the Opossums and Dasyures the j)aroccipitals arc 
short and obtuse; in Acrnlxites they cease to exist, but they are 
])resent in the larger /*df/urists. 

The elenionis of the occipital neural arch remain longer dis- 
tinct in ilarsnpials than in most otlun* Mammals. In the skull 
of a half-gi*own ddiylacine the basioccipital has coalesced with 
the exo(‘(;ij)ita]s, which almost meet above tlie i'oramen magnum. 
The laterjd sinus impresses the fore jiart of each exoccipital, and 
thcji sinks into a canal which communicatees or opens into the 
])recondyloid (\aual : from this another canal extends fiirward 
through the side of the l)asiocci])ital. The superoccipital has 
coalesced with the parietals and interparietal. The basisphenoid 
has coalesced with tlie alisjdienoids and the presphenoid, but 
not with the ]»tervgoids: it has no sella’ nor dinoid processes: 
It is perforal(*d by the entocarotid at its back and outer angle : 
the canals converge forward and slightly u|)W'ard, and terminate 
above the middle of the basisphenoid. The alisphenoids have 
the toramcn ovale near their posterior borders: the foramen 
rotund um is a longer canal. The posterior angles H)f the ali- 
sphenoid expand into tymj)anlc bnlljc: ptcrapophyses arc sent 
olf ill advance which join both ]>tcrvgoids and jialalines. The 
parietals have coalesced with each other, with tlie frontal, with 
the interparietal, and the siijicroccipital. The Orbitosphenoids 
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are very small ; their coalesced bases arch backward over the 
o})tic nerves and prcsphcnoidal prolongation of the basisphenoid, 
as in the bird, and their under part is grooved (not jierforated) by 
tlie o])tic nerves, whicli escajic l)y the tissnra laccra anterior. 

IMie nasal portion of the coalesced frontals is more expanded 
than the cerebral one : the frontal sinuses extend to the coronal 
suture and raise the outer far above tlie vitreous table : in tliis 
table the Irontal and coronal sutui^'s remain, Init they are obli- 
terated in the outer table. The vomer is ciirinate below. The 
nasals are distinct from ea(;li other and from the frontals : they 
are grooved externally for the premaxillaries. The petromastoid, 
tym])ani(?, and temporal bones continue permanently separate, 
though confluent ossification proceeds to blend the occijiital, 
parietal, and frontal into one bone. The petrosal is small, its 
tentorial ridge or angle is sharp, and its cerebellar fossa very 
deep, though small ; a branch of the lateral sinus ])erforates the 
petromastoid and the adjoining part ol‘ the temporal to o])en 
behind the root of the zygoma : the masbn’d })art is compressed 
and abuts against the outer side of the base of the panxajipilal. 
The tympanic is a simple s<*oop-shaped bone, or half-cylinder, cut 
ohlujuely. The pahuhie process of the premaxillary is very 
doe[>ly notched, and is excavated bcliind the outer incisor. 

In the skull of the mature AVombat, fig. 220, the exoccipitals 
were still unaiicbylosed ; the left is figured sc])arate at 3 . 

In the skull of a Perameles nusnta the exoceipilals arc sepa- 
rated by an interst)aec, so that a fissure is continued irom the 
ii])pcr part of the foramou magnum to the superoeeipitai element. 
'I'lu; same striieture may be observed in thedreat Kangaroo, and 
it is very remarkable in the young skulls of tins species. In the 
\)^oml)at the corresponding fissure is vc'ry wide, and the Icnver 
injirgiu of the superoeeipitai is notched, so that the slia])e of the 
foramen magnum somewhat resembles that of the trefoil leaf. 
In the Opossum, the cxoccij)itals meet above and complete 
the foramen inagnum. The petrosal and mastoid ai’o commonly 
confluent. So loose is the connection of the tympanic, that 
without due care it is liable to be lost in j)repariiig tlie skulls 
of the Marsupials. In Ibc Kangaroo and Wombat, it foi*ms a 
complete bony tube, fig. 220, 2S, and in the Potoroo the bony 
circle is incomplete at the upper part ; in tlie l^eranieles and 
Ihisyures the tymjianic bone forms a semicircle, the posterior 
part being deficient, and the tympanic membrane being there 
attached to the mastoid, as in Birds. In ^hc Dasyurcs, Petanrists, 
Peramehis, Potoroos, and Koala, fig. 221, o, there is a large hfdia 



340 ANATOMY OF VEUTEBRATKS. 

ossea for increasing the extent of the auditory cavity, formed by 
the expansion of the base of the sphenoid. In Acrobates and Pern- 

nieles hujotu^ there is also an 
external dilatation of the 
petrosal, fig. 222, ig, whicli 
thus forms a second and 
smaller bulla on each side, 
behind the large bulla ossea 
formed by the alis[dien()id, />. 

' In other Marsupials the pe- 
trous bone ivS of small size, 
generally limited to the 
ofti(*c of protecting the parts 
of the internal ear, and 
sometimes, as in the Koala, 
is barely visible at the ex- 
terior of the base of the 
skull. The mastoid ])ortit)n 
appears in the occipital re- 
U’ion of the skull of the 
Koala, fig, 221, s, between 
the exoccipital and s(pia- 
inous portion of the tempo- 
ral. In the Wombat the 
mastoid sends outward the 
strong compressed process, 
fig. 220, s, which terminates 
the lateral boundaries of the 
occipital plane of the cra- 
nium ; ))ut this process is 
entirely due to the cxocci- 
rium-ohmys. pitals ill the Koala, fig. 221, 

4, and other Marsupials. 

The auditory chamber of the ear is augmented in the IMialan- 
gers, the Koala, the Kangaroos, and Potoroo, by a (ioutiiiuation 
of air-cells into the base or origin of the zygomatic? process ; but 
the extent oi’ the bony air-chambers communicating with the 
tympanum is j)roportionally greatest in the Flying Opossums, 
where, besides the sphenoid bulla, the mastoid and the wliolc of 
the zygomatic pi-ocoss of the squamosal arc expanded to form air- 
cells Avith very thin and smooth walls, fig. 219. 

The direction of the bony canal of the organ of hearing corre- 
sponds with the habits of the species. The meatus is directed 
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outward and a little foi’ward in the carnivorous Dasynres ; out- 
ward and a little backward in the Peraineles and Phalangers ; 
outward, backward, and upward in the Kangaroos, and directly 
outward in the Petaurists and Wombat; but tlic differences ol‘ 
direction are but slightly marked in these timid vegetarians. 

The scpiamosal generally reaches half-Avay from the root of the 
yjgoma to the sagittal ridge or suture; it is most developed in 
the Wombat, in which its superior margin descril)cs a remarkably 
straight line. The zygomatic process is generally compressed 
and much extended in the vertical direction in the Opossum, 
Dasyuro, Phalanger, Koala, fig. 221, 27, and Kangaroo. In the 
Wombat it curves outward from the side of the head in the form 
of a compressed and almost horizontal plate, fig. 220, 27 ; it is 
then suddenly twisted into the vertical ])osition, to be received 
into the notch of the malar portion of the arch, ib. 20. I n Macro- 
pus the back part of the zygoma is perforated by a pneumatic 
foramen which receives air from the tympanum. 

The cavity corresi)onding to the sphenoidal bulla ossea in other 
]\Iarsnpials is in this species excavated in the lower pai*t of flic 
squamosal at the inner side of the articiihir surface for the loAvcr 
jaw. This articular surface, situated at the base of the zygomatic 
])rocess, ])rcsents in the marsujnal as in the ])laccntal Mammalia 
■various forms, each manifesting' a physiologi(*al relation to the 
structure of the teeth and adapted to the required movement of 
ihe jaws in the various genera. In the herbivorous Kangaroo 
the glenoid cavity forms a broad and slightly convex surface, as 
ill the Kuminants, aft*ording freedom of rotation to the lower jaw^ 
in every direction. In the Phalangers and Potoroos the articular 
surface is quite plane. In the Peraineles it is slightly convex 
from side to side, and concave from behind forward. In the 
Wombat it is formed by a narrow convex lidge considerably ex- 
tended, and slightly concave, in the transverse direction. This 
ridge is not bounded by any descending process [lostcriorly, so 
that the jaw is left free for the movements of protraction and re- 
traction. In the Koala the glenoid cavity is a transversely oblong 
depression with a slight convex rising at the hot tom, indicating 
rotatory movements of the jaw. In the carnivorous Dasyiires 
it forms a concavity still more elongated transversely, less deep 
than in the placental Carnivora, but ada])ted, as in them, to a 
ginglyinoid motion of the lower jaw. In all the genera, save in 
the AV^ombat, retraction of the lower jaw is ojiposed by a de- 
scending proces^i of the t emporal bone immediately anterior to the 
meatus auditorius and tympanic bone. 
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The glenoid cavity presents a characteristic structure in most 
of the Marsupialia in not being exclusively formed by the squa- 
mosal. A¥ith tlie exception of the Petanrists, the malar bone 
forms the outer part of the articular surface for the lower jaw, 
and in the Thj/lavhuis, Dasyurns Matiyn^ Daiiyurus iirsinua^ 
Perameles^ Ilypsiiiryinmisi^ and Macropus^ the alisphenoid forms 
the inner boiindiiry of* the same surface. In the Kangaroo, 
Dasyures, Koala, ajid Wombat, the alisphenoid articulates with 
the parietal, but by a very small portion in the two latter s]>ecies : 

in the Peramcles and Po- 
toroos the alisphenoid does 
not reach the parietal. 

J »i \\\Q par h‘ft us ^ fig. 221, 
7, the sagittal suture is ob- 
literated in tliose species 
in which a bony crista is 
developed in the corre- 

sponding ]>Iace. They pi’c- 
sent a singularly flattened 
(*orni in the Wombat, in an 
aged skull of which, and 
in a similar one in the 

Kangaroo, 1 observe a like ol)litcration of the suture. In the 
Kangaroo, Potoroo, Petaurus, Phalanger, and iMyrmecobius, 
Ihere is a triangular interparietal bone. Tlie corresponding bone 
1 find in tliree pieces in the skull of a Wombat. 

The frontals, ib. n, are chiefly remarkable for their anterii)r 
ex])ansion and the great share wliicli they take in the formation 
of the nasal cavity. In the Thylacine tlie part of the (Tanimn 
oeeupied by the frontal sinuses exceeds in brcaidth the cerebral 
cavity, from which it is divided by a constriction. The coronal 

suture presents in most of the Marsupials an ii*regular angular 

course, forming a notch in thefrontals on each side which receives 
a corresponding triangular ])rocess of each parietal bone. A 
})rocess corresponding to the j)ostcrior frontal augments the bony 
boundary of the orbit in the Thylacine, the Ursine Uasyiirc, and 
in a slighter degree in the Virginian 0])(>ssum; it is relatively 
most dev elopcHl in the skidl of the Myrmecohius f asciat^^ where 
the orbit is large ; but the bony boundary of the orbit is not 
complete in any Marsupial. In the Myrmecobius there is a doej) 
notch at the middle of the superorbital ridg(\ A corres])OiKling 
but shallower notch is present in tlie skull of I\purus semreus, 
I have found tlio frontal suture obliterated in old specimens of 
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the Thyhicinc, the Virgmian Opossum, Cook’s Phalangev, \\\o. 
taguanokl, and yellow-bellied Petaurists ; but the frontal suture 
exists in Petauruii sciureuHy Acrohates^ and other Marsupials. 
Ph(j iiiterorhital space is concave in the Phalangers and in the 
]\ttaurus ta(/uanoideH^ but is quite flat in tlie other l^etaurists. 

Tlie lacrjjmnh in their relative size in diflerciit Marsupials. 
In the Koala, fig. 221, 73, tlicy extend upon the lace about a line 
beyond the anterior boundary of the orbit, and at this ])art they 
])rescnt a groove with one large and tw(^ or three small perlbra- 
tions. In the W(unbat their extent upon the fa(!e is slightly 
iiKireased ; it is pro[)ortionally greater in the Kangaroos, I’otoroos, 
Phalangers, and Petaurists, in Avhich this j)art of the laei-ymal 
bone ])rescnts two [)erl<)rations close to the orbit. In the Thyla- 
(;inc, besides the two external holes there is a large |>erroration 
within the orbital margin.. This caniivorous Marsupial, as com- 
pared with the Wolf, ])rcsents a greater extent of the facial 
portion of the lacrymal bone, and tlius indicates its inferior ty|)e. 
In the JSJi/rmef'ohhiii the lacrymal bone exhibits its greatesi rela- 
tive develoj)ement. The extraorintal hurryinal l()ramen is a good 
juarsiipial character: it is present in the 7V////c/c^Zce, where it is 
single, as in Dasj/urns ursium, 

Idle nialars, figs. 220 and 221, 20, arc very strong and ol’ groat 
extent in almost all the Marsupial ia. They are least developed 
ill Avrohates^ fig. 219, Myrmerohina^ and Peramdas layotls. Tn 
the latter, fig. 222, the malar bone ju'esents a singular form, lieing 
])ifurcate at both extremities : the processus zyyomatlcus ninxiUat 
superioris is wedged into the cleft of tlie anterior fork ; the (‘or- 
responding ])roc(;ss of the squamosal fills ii]) the ])osterior not(;h. 
The anterior bifurc^atioii of’ the malar bone is not jirescnt in the 
JMarsupials generally; the external nialo-maxillary suture forms 
an oblique and almost straight line in tin; Wombat, I^halangei-, 
Opossum, Dasyiires, and Kangaroo. Owing to the inferior dc\ e- 
lopcnient of the zygomatic jirocess of the supei’ior maxillary in 
the Wombat, the malar bone is not sus}>ende(l in the zygomatic 
arch as in the Kodentia. It is also of relatively much larger size 
and of a prismatic form, arising from the developoment of* the 
oblique external ridge above described. in tlie Kangaroos, 
Potoroos, Groat Petaurus, and J^halangers, it is traversed exter- 
nally by a ridge showing the attacliiiient of the masseter, of* 
which muscle the extent of origin is augmented by the descending 
zygomatic. ])roccss of the maxillary ; this is most developed in 
the gigantic fossil ^hitothere and Diprotodon. 

The nasal hones vary in their form and relative size in the 
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different, genera ; they arc longest and narrowest in the Perameles, 
shortest and broadest in tiie Koala, fig. 221, Their most cha- 
racteristic structure is the expansion of their upper and posterior 
extremity, which is well marked in the Wombat, Myrmecobius, 
Petaurists, Plialangers, Opossums, and Dasyures. In the Po- 
toroos the anterior cxiremities of the nasal bones converge to 
a j)oint wlii(‘ii projects beyond the premaxillaries. in the Perameles 
lagotis the bony case of the nasal ])assngc is further increased 
by the presence of two small rostral hones, resulting, as in the 
Hog, from ossification of the nasal cartilage. 

The premaxillaries always contain teeth, and the ratio of the 
dcvelopcment of these bones corresponds with the bulk of the 
dental apparatus which they su]»port. They are conserpiently 
largest in the Wombat, where they extend far upon the side of 
the face and arc ai*ticulated to a considerable proportion of the 
nasals, hut do not, as in llodentia, reach the frontal or divide the 
maxillary bone from the nasal, "^fhey present a somewhat lower 
degree of developement in the Koala, fig. 221, 22, but both in 
this s[)ecics and in the Wombat they bulge outward, and thus 
rcmarkal)ly increase the transverse diameter of the osseous cavity 
of the nose. In Hi/psiprifiNnus aiul Mneropvs tlie incisive palatal 
foramina arc chietly in the premaxillaries, l)ut a small i)roportion 
of their bony circumference is due to the anterior extremity ol* 
the palatal process of the maxillary: the same structure obtains 
in the Wombat, Koala, and Opossums. In the Dasyures and 
Phalaiigers a greater ])ro])ortion of the posterior boundary of the 
incisive foramina is fmued by tlje maxi Hanes ; in the Petaurists 
they are entirely surrounded by the maxillary l)(>ncs, while in the 
Perameles they are, on the contrary, entirely included in the 
maxillaries. They always present the form of two longitudinal 
fissures, fig. 222, a. 

The maxillojy, fig. 221, 2i, in the Koala and Wombat sends 
upward a long, narrow, irregular nasal jii’ocess, which joins the 
frontal and nasal bones, separating them from the ])remaxillaries. 
Ihc antorbital foramen does not present any marked variety of 
size, which is generally moderate. It is much closer to the orbit in 
the cai nivorous Marsupialia tluiTi in the cori’csponding placental 
quadrupeds. It is relatively largest in the Ursine Dasyurc. It 
presents the form of a vertical oblique fissure in the AThmibat. I 
have observed it double in the Kangjiroo, this and some 

other heihivorous Marsupials the malar process of the maxillary 
sends down a process for increasing the power and size of the 
massetcr jriuscle. 
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In PhnlaiKjhta CooMi^ in Petaurus jlavwenter^ and PetmiruH 
sdureus^ in Macropus major, and some other (Ircat Kangaroos, 
the bony palate is of great extent and presents a smooth surface, 
concave in every direction tonard the month; it is pierced l)y 
the two posterior palatine foramina at the anterior external angles 
of the palatine bones, either within or close to tlie transverse 
palato-maxillary sutures. Behind these foramina., in the Kan- 
garoo, there are a few small irregular ])erfor at ions. The bony 
palate is similarly entire in the ar sinus. In 

Macropus Bcnncttii there arc four orifices at the jiostcrior ])art of 
the bony })alate. The two anterior ones are situated uj)on the 
palato-maxillary suture, and arc of an ovate form Avith the small 
end forward. The two posterior foramina are of a less regular 
form and smaller si/c. 1 iTthe Brush Kangaro(> Ilruuii, 

Cuv.) the posterior ])alatal foramina present the form of tAVO large 
fissures ])laced obliquely and converging posteriorly. They en- 
croach uj)on the posterior borders of the maxillary plate. Anterior 
to these vacancies there are two smaller foramina, and posterior 
to them are one or tAVo similar foramina. 

In the l*otoroos. Wombat, and Koala, the posterior palatal 
openings are large and oval, and situated entirely in the ])alatal 
bones. In Jlf/ps. setosus they extend as far forward as the intci- 
space betAATcn the first and second true molars ; in Hj/ps. murlnus 
tliey reach to that betAveen the second and third true molars : 
])osterior and external to these large vacuities there ai*e tAvo small 
])erforatioiis. in the Phalangers, Avith the exception of Pk. 
Cookii,\\\Q. palatal openings arc proportionally larger ; they ex- 
tend into the jialatal jirocess of the maxillaries, and tlie thin 
bridge of bone Avhich divides the openings in the Potorot), &c., is 
Avanting ; the two perforations at the posterior external angles of 
the palatine bones ai*c also present. in tlici Virginian Opossum 
the bony palate presents eight distinct perforations, besides ilie 
incisive foramina; the ])alatal ])rocesses of the j)alatine bone 
extend as far forAvard in the median line as the third molars: a 
long and narroAv fissure extends for an equal distaiure (three lines) 
into the palatal processes both of the palatines Jirul maxillaries : 
behind these fissures and nearer the median line are two smaller 
oblong fissures ; extertial and a little posterior to these are two 
similar fissures, situated in the palato-maxillary suture ; lastly, 
there arc two round i)erforations close to the posterior margin of 
the bony palate. 

In the Ursine Dasyurc a large transversely oblong aperture is 
situated at the posterior ]>art of the palatal processes of the 
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thaxillavy bones, and encroaches a little upon tJie palatines. In 
Mange’s Dasyure there arc two large ovate apertures crossing 

the ])alato-maxillary sutures sc- 
parated from each othci’ by a 

f l)road plate i)f bone ; ])Osterior to 

tliesc arc two apertures of similar 
size and form, whudi, lieing situ- 
' ated nearer the mesial line, arc 
divided by a narrower osseous 
bridge; each postei’ior external 
angle of the bony palate is also 
[)crforated by an oval a])erturc. 
In the Yiverrine Dasyure the 
two vacancies Avhich cross the 
palato-maxillary suture arc in the 
form of* longitudinal fissures, cor- 
responding to the fourth and fifth 
gi’indcrs ; the posterior margin of 
the bony palate has four small 
apertures on the same transverse 

Since the defective condition 
of this part of the cranium is one 
of the characteristics of the skull 
of the Bird, it might he cx- 
])ecte(l that some ap])roximation 
Avould he matlc to that structure 
in the aJiimals which form the 
transition hetween the Placental 

ru'umeJe.1 to/jotis. i i . Air 

and Oviparous v ertehrates. We 
have already noticed tlie large vacuities which occur in the bony 
palate of nearly all the Marsupials; but this inijicrfectly ossifietl 
(‘onditioii is most remarkable in the Feramdes hf/otis^ in wliich, 
fig. 222, the bony roof of ibc moutb is jicrforated by a wide oval 
space extending from the second premolars to the j)ennltimatc 
molars, exposing to view the vomer and the convolutions of the 
inferior spongy b*)nes in the nasal cavity. The pterygoids, fig. 
220, 24, long maintain their individuality; and rc])eat tfie connec- 
tions tliey present in Birds. 


Tlie parietes of the cranial (ravity arc remarkable for their 
thickness in some of tlie Marsupial genera. In the Wombat the 
two tables of the parietal bones arc sc]iaratcd })ostcriorly for the 
extent of rnoi'e than half an inch, the interspace being filled with 
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a coarse cellular diploc; the frontal bones are about two niul 
half lines thick. In the Ursine Uasyure the cranial bones have 
a similar texture and relative thickness. In the Koala the tex- 
ture of the cranial bones is denser, and their thl(?kness varies from 
two lines to half a line. In the Kangaroo the thickness varies 
(a)nsiderably in different parts of tlie skull, but the parietes are 
generally so thin as to be diaphanous, which is the case with the 
smaller Marsupials, as the Potoroos and Petaurists. The union 
of the body of the seciond with that of the third cranial vertel>ra 
takes place in the marsupial as in the placental Mammalia at the 
sella tiirci(*a, which is overarched by the backward extension of 
the orbitosphenoids. The optic foramina and the fissuric laccne 
anteriores are all blended together, so that a wide opening leads 
outward from each side of the sella. Immediately |)Osterior and 
external to this opening arc the foramina rotunda, from cacli of 
which in the Kangaroo a remarkabh^ groove leads to the fossa 
Gasseriana at the commencement of the Ibramcu ovale ; the same 
groove is indicated in a slight degree in the Dasyures and Pha- 
langcrs, but is almost obsolete in the Wombat and Koala. The 
cntocarotid canals ])icrce the basisphenoid, as in Birds, and ter- 
minate in the cranial cavity very closii together behind the sella 
tui’cica, which is not bounded by a posterior (dinoid pro(‘.ess. The 
s])henoldal bulla, which forms the chief pjirt of the tympanlii 
cavity in the Peranudes Irif/otis, forms a large convex protuberance.*, 
on each side of the floor of the cranial cavity in that species. 
The petrosal^ in the Kangaroo, Koala, and Phalangcrs, is im- 
pressed above the meatus auditorius by a dec]), smooth, round 
])it, which lodges tlie lateral ap])cndage of the ccndxdlum, as in 
Birds. The corresponding pit is shallower in the Dasyuri, and 
is almost obsolete in the Wombat. The middle and posterior 
flssurie laccnc have the usual relative ])osition, but the latter are 
small. The condyles arc each perforated anterioi'Iy by two fora- 
mina In most of the Marsupials, the Thybudniis forming tlie ex- 
ception and showing only one. The foramen magnum is of great 
size in relation to the capacity of the cranium ; the aspect of its 
plane is backward and sliglitly downward. A venous canal leads 
from the lateral sinus between the upper part of the petrosal and 
the squaiiiosal, and perforates the latter behind or aliove the root 
of the zygoma. 

In the Kangaroo and Phalangcr a thin ridge of bone extends 
for tlie (Ustarico of one or two lines into the periphery of the 
tentorial process of the dura mater, and two sharp spines are sent 
down into it from the upper part of the craniiiin in the Phabui- 
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guta viilphia. The tentorium is supported by a thick ridge of 
bone in the Thylacine ; but it is not completely ossified in any of 
the Marsupials : in some species, indeed, as the Dasyures, the 
Koala, and the Wombat, the bony crista above described does not 
exist. There is no ossification of the falciform ligament as in the 
Orni tliorhy ncli us. 

The rhinencei)haUc division of the cranial cavity is well defined 
from the prosence]>halic one. It is relatively smallest in the Koala. 
In all Marsupials it is bounded anteriorly by the cribriform plate, 
nhich is converted into an osseous reticulation by the number 
and size of tlie olfactory apertures. The cavity of the nose, 
from its great size and the complication of the turbinal bones, 
forms an important jiart of the skull. It is divided by a complete 
bony septum to Avitliin one-fourth of the anterior a])erture ; the 
anterior margin of the septum is slightly concave in the Koala ; 
describes a slight convex. line in the Wombat, Kangaroo, and 
Plialangcr, and a sigmoid Hexure in the Dasyure. A longitudinal 
ridge projects downward from the inside of each of tlie nasal 
bones, and is continued ])ostcriorly into tin? superior turbinal; 
this l)onc extends into the dilated S])ace anterior to the cranial 
cavity, whith corresponds with the frontal sinuses. The convo- 
lutions of the niiddle turbinal are extended chiefly in the axis of 
the skull ; the processes of the anterior turbinal are ari*angcd 
oblicpicly from below upward and forward. T^'lie nasal cavity 
communicates freely with large maxillary sinuses, and finally 
terminates l)y wide apertures behind the l)ony ])ii]atc. In the 
skull tlie nasal cavity communicates with the mouth, as before 
mentioned, by means of the various large vacuities in the palatal 
processes. 

In the carnivorous Marsupials, as the Thylacine, the lower 
maxillary bone resembles in general form that of the correspond- 
ing siiecies in the [ilacental series, as the Dog ; a similar transverscj 
condyle is placed low down near the angle of the jaw, on a level 
with the scries of molar teeth ; a broad and strong coronold pro- 
cess rises high aliove the condyle, and is slightly curved back- 
ward ; there is the same well-marked depression on the exterior 
of the ascending ramus for the firm im[)hintation of the tcmjioral 
muscle, and the lower boundary of this depression is formed by a 
strong ridge extended downward and forward from the outside of 
the condyle. But in the Dog and other placental Carnivora (some 
Seals excepted), a ])rocess, rc]ircsenting the angle of the jaw, 
extends directly backAvard from the middle of the .above ridge, 
which process gives precision and force to tlie articulation of the 
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jaw, and increaseKS the power by which the masseter acts upon the 
jaw. Now, although the same curved ridge of bone bounds the 
lower part of the external muscular depression of the ascending 
ramus in all the Alarsujuals, it does not in any of tliem semi 
l)ackward, or in any other direction, a process corresponding to 
that just described in the Dog. The angle of the jaw itself, 
in the Marsupials, is as if it were bent inward in the form of 
a process, encroaching in various sliapes and various degrees of 
developement in the different geiiera upon the interspace of the 
rami of the lower jaw. On looking directly upon the lower 
margin of the jaw, we see, therefore, in f)lace of the margin of 
a vertical plate of bone, a more or less llattencd triangular sur- 
face extended between the external ridge, and the internal j)ro- 
ccss or inflected angle. In tlic Opossums the internal angular 
process is triangular and trihedral, directed inward, with the 
j)oint slightly curved upward, and more ])roduced in the small 
than in the large s])ccies. In the Dasyurcs it has a similar form, 
but the apex is extended into an obtuse ])rocess. In the Thy- 
hicine the base of the inverted angl(» is proportionally more 
extended, and a similar structure is presented by the fossil Jflias- 
colothere. In the Peraiueles the angle of the jaw forms a still 
longer process ; it is of a flattened form extendiHl 
obli([uely inward and backward and slightly curved 
upward. It presents a triangular, slightly incurved, 
ami ])ointcd form in the Petaurists, in whhth it is longest 
and weakest in the t)igmy species (Aerodak's, Desm.). 

It is shorter and stronger in the Mi/rmecohius, fig. 

223, a. In the Potoroos and Phalangers the proccj 
is broad with the ajjex slightly develo]>ed ; it is bent 
inward and bounds the louver part of a wide atid 
deej) depression in the inside of the ascending ramus. 

In the Great Kangaroo the internal margin* of this 
process is turned u])ward, so as to augment the dcj)th 
of the internal depr(\ssion above mentioned. 4'hc in- 
ternal angular process arrives at its maximum of de- 
velopement in the Wombat, fig. 220, «, and the breadth Lowor jiiw, 

/ T ' Alyrniirohiii^. 

ot the base of the aseemung ramus very nearly equals 
the height of the same part. In the Koala the size of the process 
in question is also considerable, but it is compressed, and directed 
backward with the obtuse apex only bending inward, so that the 
characteristic flattening of the base of the ascending ramus is least 
marked in this species. There is no depression on the inner side of 
the rjiinus of the jaw in the Koala, but its smooth surface is simply 
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pierced near its middle by tlie dental nerve and artery. Tlie 
surface of tlie external muscular depression bounded below by a 
broad angular ridge, as above dcsci’ibcd, is entire in the Dasyures, 
Opossums, Bandicoots, Petaurists, and Phalangers; but in the 
Wombat tlie outer surhicc of the aiscending ramus is direcdly 
perforated by a round aperture immediately posterior to the com- 
jneiicement of the dental canal ; ^ the corresponding aperture is 
of larger size in the Kangaroo. But in the Potoroos both the 
external and internal dcjiressions of the ascending ramus lead 
to wide canals, or continuations of the Avide depressions Avhich 
j>ass forward into the substance of the liorizontal ramus, and soon 
uniting into one passage, leiwc a vacant space in the intervening 
bony septum. 

In tlie Thylaelne, Ursine Dasyurc, and the allied fossil carni- 
vores called Phascolothcre, Thylacolco, and Plagiaulax,® tlie con- 
dyle of the lower jaiv is placed hnv doivn, on a level with the 
molar series : it is raised a little above that level in the smaller 
Dasyures and Opossums, and ascends in projiortioii to the vege- 
table diet of the specfies. 

In all tliose Marsupials which have few or very small incisors 
tlie horizontal rami of the jaw converge toward a point at the 
sympliysis. T’'he angle of convergeneo is most ojieu in the 
Womljat, in which tlie symphysis is longest, 'fhe sntnre be- 
eomes obliterated in aged individuals. In other Marsupials, the 
rami of the lower jaw arc less firmly united at the sympliysis; 
they permit indejiciuhmt movements of tlie right and left in- 
cisors in the Kangaroos: and in the Ojiossum, both the rami 
of the lower jaw and all the bones of the face arc remarkable 
fur tlie loose nature of their coniu'Ctions. 

('. Boups of the Litiibs . — Hie svnpula varies in form in tbe 
diftcrent Marsii]»ial.s. In the Petaurists it is a scalene triangle, 
Avith the glenoid cavity at the convergence of the tAvo longest 
sides. In the Woniliat, fig. 212, 5i, it presents an oblong qua- 
drate figure, the neck being produced from the lower half of 
tbe anterior margin, and the outer surface being traversed diago- 
nally by the spine, Avhich in tins species gradually rises to a full 
inch above the plane <d' the scapula, and terminates in a long 
narrow compressed acromion arching over the neck to reach the 
clavicle. 

In the Koala (fig. 224), the superior costa does not run parallel 

* A brittle is n piTsenk'd passing through this aperture in fig. 220. 

2 XY1I-. pp. 3.V3, tigs. 11 : 5 , 1 19, 1713. 
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Nvltli the inferior^ «, but recedes from it as it advances forward, 
and then passes down, forniing an obtuse angle, c*, and witli a gentle 
concave curvature, to the neck of the sca|)ula; a small process ex- 
leiids irom the irnddle of this curvature. 

In tlic Potoroo, the upper costa is at lirst 
|>arallel with the lower, but this parallel 
part is much shorter ; the remainder dc- 
scj'ibes a sigmoid flexure as it approaches 
the ne(dv of the scapula. In the Grotit Kan- 
garoo, tlie P.crameles, riiahingers. Opos- 
sums, and Dasyures, the whole upper costa 
of the scapula describes a sigmoid curve, 
the convex posterior ])osition of whicJi varies 
as to its degree and extent. The sub- 
sea] ndar surfac'c is remarkal)le in tlie Pera- 
meles for its flatness, but presents a shal- 
low groove near the inferior costa. In 
most other Marsinnals it is more or less convex or undulating. 

In tlie Kangaroos, fig. 211, the supras|)inal fossa is of less ex- 
tent than the space below the Sj>ine, and the spine is inclined 
upward. In the Peramcles and Dasyures the proi)or1ions of the 
supra- and infra-sjiinal surfaces are reversed, and the whole s])ine 
is b(‘nt downward over the infraspinal surface. In the Potoroos 
fuid Phalangers the acromion is bent downwar<l so as to pre- 
sent a fhittened surface to the observer ; in the Potoroos and 
(.)])ossuins this appearance is produced by a true expansion of the 
acromion. In the Peramcles tlie coracoid process is merely re- 
])resentcd by a slight ])roduction of tluj su|)crior part of the 
glenoid cavity. In the Kangaroo and Potoroo it forms a ])rotu- 
beran(!e on the uj)per part of the head of the scapula. In the 
other Marsu])ials it assumes the charaiiter of a distiii(*t pi‘ocess 
from the same ]>art, and attains its greatest developement in the 
Wombat and Koala, in the latter of which it is forcibly curved 
downward and inward, fig. 224, 

The davlcies are present in all the Marsu|)ials, with the ex- 
ception of the genus Ferameles and proliably also the Chccrojms, 
In the clavi(5ulate Marsupials they are relatively strongest and 
long(?st in the burrowing Wombat, weakest and shortest in the 
Great Kangaroo. In the latter they are simply curved with the 
convexity forward, and measure only two inch(?s in length. In 
the Wombat they are upwards of three inches in length, and 
have a double curvature ; they are expanded and oblif|ucly trun- 
cate at the stcilial extremity, where the articular surface presents 
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a remarkably deep notcli : they become' compressed as they ap- 
proach the acromion, to Avhieh they are attached by an extended 
naiTOAV articular surface. 

In the Koala the clavicles are also very strong, but more com- 
pressed than ill tlie AVVmibat, bent (uitwanl in tlioir Avholc extent, 
and the convex margin formed, not by a continuous curve, but 
by three almost straight lines, with intervening angles; progres- 
sively diminishing in extent to the outermost line which forms 
tlie articular surface Avith the acromion. In the Myrmecobins 
the clavicles are subc()in])ressed and more cui’ved at the acromial 
than at the sternal end. In most of the other Marsujnals the 
clavicle is a simple compressed elongated bone, with one general 
outward curvature. 

The humerus in most Dasynres resembles that of the Dog-tribe 
in the imperforate condition of the inner condyle, but differs in 
the more marked develojienient of the musmdar ridges, esjiecially 
of that which extends u]>ward from the outer condyle for the origin 
of the great su])inator muscle. This ridge is terminated abruptly 
by the smooth tract for the passage of the muscnl()-s|)iral nerve. 

In all the other genera of Marsupials that 1 have examined the 
internal condyle of the humerus is j)erfV)rated. But in some 
species of Pef/iurus, as Prtaurus scinreus, the foramen is re])rc- 
sented by a dee]) notch ; and in the Phalauf/hta Cookuy liotli 
foramen and notch arc Avanting.* The ridge above the external 
condyle is much develo[)ed in tlic Petanrus mncnirm and scinreus, 
and notched at its uj)])e.r part, but this notcli does not exist in 
Pet tiujuanoides. I find similar differences in the developement 
of the supinator, or outer ridge, in the genus Perameles^ in the 
Pet\ lufjotis it is hounded above by a groove ; in Per^ Gunnii it is 
less deveio})cd and less defined. In the Kangaroos, Potoroos, 
Wombat, and Koala (fig. 22d), the outer condyloid ridge ex- 
tends in the form of a hooked process above the groove of the 
radial nerve. In all these, and esi)ecially in the AVumbat, the 
deltoid process of the hiunerus, fig. 2 12, 5.?, is strongly developed ; 
it is continued from the external tul)erosity down the upper half 
of the humerus ; except in the Petaurists, Avhere, from the greater 
relatiA^e length of the humerus, it is limited to the upper third. 
The interspace of the condyles is occasumally perforated, as in 
the Pern melee hujotis and Wombat. The articular surfaces at 
both extremities of the hmuerus have the usual form; but it may 

* In the other sptjcics of IViuIdrujiaUty iiml in the Pehtiirus Uiynanoidefi and niucrutus, 
the internjil condyle of the himierus is pcrlorated. In :i Thylacine I found it per- 
forated ; and in one Ursine Dasyure in the left ImintTus, but not iii the right. 
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be observed in some Marsupials, as the Koala, that at the distal 
articulation the external convexity for the radius has a greater 
relative extent than usual, and the ulnar concavity 
is less deep. 

Tlie bones of the fore-arm are always distinct and 
well developed, and their adaptation to pronation 
and supination is coin|)letc. Tlie prehensile faculty 
and iingLiiculate structure of the anterior extre- 
mities appear to have been indispeiisable to ani- 
mals where various mani])ulations were required in 
tlie economy of the marsu])ial pouch. When, 
therefore, such an aninnil is destined like the rumi- 
nant to range the wilderness in ipicstof ])asturage, 
the requisite powers of the anterior members are 
retained and secured to it, as has been already 
observed, by an enormous devclojiement of the 
hinder extremities, to which the function of loco- 
motion is restricted. 

We find, therefore, that the bones of the ibre- 
arm of the Kangaroo differ little from those of the 
burrowing Wombat, the climbing Koala, or the carnivorous 
Dasyurc, save in relative size. They ])resent the greatest jirojior- 
tional strength in the Wombat, and tlie greatest projiortional 
length and slenderness in the Petaurists or Flying Opossums, 
in which the radius and ulna arc in close contact through a great 
portion of their extent, and thus lend a firmer sujiport to the 
outstretched dermal [larachute. They arc also long and slender 
in the Koala. In general the radius and ulna run nearly jiarallel, 
and the interosseous space is very trifling. It is widest in the 
Potoroos. The olecranon is w^ell developed in all the Marsu]^ials. 
In the Virginian Opossum and Petaurists we find it more bent 
forward iqion the rest of the ulna, than in the other Marsupials. 
In the Wombat, where the acromion is the strongest, and rises an 
inch and a half above the articular cavity of the ulna, it is ex- 
tended in the axis of the bone. The distal end of the radius in 
this animal is articulated to a bone representing the os seaphoides 
and os lunare. 

The ulna, which in the same animal converges toAvard a point 
at its distal *end, has that point received in a depression formed by 
the cuneiform and pisiform bones ; these are bound together hy 
strong ligaments, and the pisiform then extends downward and 
backward for two-thirds of an inch. The second row of the 
carpus consists of five bones. The trapezium supports the inner 
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digit, and has a small sesamoid bone articulated to its radial 
surface. The trapezoidcs is articulated to the index digit, and is 
Av edged between the scapholimar bone and os magnum ; this 
forms an oblique articular surhice for the middle digit; but the 
largest of the second series of carpal bones is the cuneiform, whicli 
sends downward an obtuse rounded process, and receives the 
articulMr surfiicc of the fifth, and the outer half of that of the 
fourth digit, the remainder of Avhicli abuts against the oblique 
proximal extremity of the middle metatarsal bone. The five 
metacarpal bones are all thick and short, but chiefly so the 
outermost. The innermost digit, or poll ex, has tAvo ] )lialanges, 
the remainder three; the ungual ])halanx of all the digits is 
conical, curved, convex above, expanded at the base, and simple 
at the opposite extremity. In the Perameles the ungual phalanx 
of tlic three middle digits of the hand, and of the tAA O outer digits 
of the foot, arc sjdit at the extremity by a longitudinal fissure 
commencing at the upper part of the base. This stnictiire, Avhich 
characterises the ungual jflialanges in the placental Autcaters, 
has not been hitherto met Avith in other Mai’supial genera.^ The 
terminal ])halangcs of the Koala arc large, much compressed 
and curved ; the coTicave articular surface is not situated, as 
in the Cats, on the lower ])art of the proximal end, but, as 
in the Sloths, at the upper. The cIuavs Avhich they support are 
long. 

I n the (Ireat Kangaroo the first row of the carpus is composed, 
as in the Wombat, of three bones, but the apex of the ulna 
rotates in a cavity formed exclusivcl}'^ by the cunciforme. There 
are four bones in the second roAv; of which the unciform is by far 
the largest, and supports a part of the middle, as avcII as the tAVO 
outer digits. In the Potoroos I find but three bones in the distal 
series of the carpus, the trapezoidcs heing wanting, and its place 
in one species being occuffied by the ])roximal end of the second 
metacar|)al bone, Avhich articulates Avith the os magnum. In the 
Perameles there arc four bones in the second carpal row, although 
the hand is less perfect in this than in any other Marsupial 
genus, Clmropus excepted, the three middle toes only being fully 
(ievelopcd. In the Petaiirus the carpus is chiefly i*emarkable foi* 
the length of the pisiformc. 

It would be tedious to dwell on the minor differences observable 
in the bony structure of the hand in other Marsupials. I shall 
therefore only observe that though the inner digit is not situated 

* It vvoul'l be instructive to exaniine the skeleton of the rare Chccropus, with 
reference to tliis strucrure. 
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like a tliunil), all the fingei's lateral motion, and that 

those at the outer can he opposed to those at the inner side so 
as to grasp an object and perform, in a secondary degree, the 
liiriction of a hand. In the Koala the tAvo inner digits are moi'e 
decidedly opposed to the three outer ones than in any other 
climbing Marsupial. But some of the Plialangers, as the Pit, 
Cook'd and Ph. fflinforims of Bell, present in a slighter degree 
the same disposition of the fingers^ by Avhich tAvo out of the five 
haA'C the opposable prot)ertics of a thumb. I have obserA^cd a 
similar disposition of the digits in the act of climbing in the 
Dormouse, and it probably is not uncommon in other placental 
Mammalia of similar habits and Avhich have long, slender, and 
freely moveable fingers. As a })crmanent dispositimi of the digits, 
the op])osition of three to two is most conspicuous in the jwehcnsilc 
extremities of the Chameleon. 

The pelvis, figs. 152, 226, 227, in the mature Marsujuals is 
composed of the os sacrum, the Iaa^o ossa imiominata, and the 
characteristic su])plemental bones, attached to the pubis, called 
by Tyson the ossa inarsuplaUa or Janltores Marsupd^ at. 

We seek in vain for any relationship betAveen the size of the 
pelvis and tliat of the noAv-borii young, the minuteness of Avhicli 
is so characteristic of the jn'esent tribe of animals. The diametcj's 
both of the area and apertures of the ])olvic canal are always con- 
siderable, but more especially so in those Marsuj)ialia which have 
tlie luiider extremities disproportionately large ; as also in the 
Wombat, Avhere the peUds is remarkable for its width. The 
pelvis is relatively smallest in the I^etaurists ; but even here the 
diameter of the outlet is at least six times that of the head of the 
ncAA^-born yoimg. The anterior bony arches formed by the ossa 
pubis and the ischia are ahvays complete, and the interspace 
between these arches is divided, as in other Mammalia, into the 
tAvo obturator foramina by an osseous bridge continued from the 
pubis to the ischium on each side of the symphysis. 

In the Kangaroos, Potoroos, Phalangevs, and Opossums, the 
ilia offer an elongated prisinatic form. They are straight in the 
Opossum, but gently curved outAvard in tlic other Marsn})ial 
genera. In the Dasyures there is a longitudinal groove widening 
upwai’d in place of the angle at the middle of the exterior sur- 
face of the ilium. The ilia in the Petaurists are sim])ly compressed, 
Avith an almost trenchant anterior margin. Tliey are broader and 
flatter in the Perameles, and their plane is turned outAvard. But 
t he most remarbablc form of the ilia is seen in the Wombat, in wbicli 
they are considerably bent outAA^ard at their anterior extremity, 

A A2 
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fig. 226, 02 . In the Kangaroos aTul I\^toroos the eye is arrested 
by a .strong process given off* from near the middle (d the ilio- 
[nibic ridge, and this process may be ob- 
served less developed in the other Mar- 
siipialia. The tuberosity of the isehia 
inclines outward in a very slight degree 
in the Dasynres, Opossums, Phalangers, 
Petaurists, and Perameles, in a greater 
degree in the Kangaroos and Potoroos, 
and gives oft* a distinct and strong obtuse 
process in the W ombat, fig. 226, 63, which 
not only extends outward but is curved 
forward. In the Potoroos the symphy- 
sis of the isehia, or the lower part of 
wliat is commonly called the symphysis 
pubis, is produced anteriorly. The length 
of this symphysis, and the straight line 
formed bv the lower margin of the isehia, 
is a characteristic str mature of the pelvis 
In most of the Marsupials. 

The marsupial bones, figs. 226,227, w, 
are elongated, flattened, and more or h'ss 
(‘urved, exjiandod at the proximal extre- 
mity, Avhich sometimes, as in the Wombat, 
iiighL 08 innr.iniiint 111.1 :ui.i iu!ir:=uj 1 articulatcd to tlio oubis bv two i)oints : 

hriiie. Woinliixt. i • i ^ i 

tliey are relatively straightest and most 
slender in tlie Perameles ; shortest in the Myrmccobius, Avhero they 
do not exceed ball* an inch in length ; longest, flattest, broadest, and 
most curved in the Koala, where they nearly c(iual the iliac bones 
in size. They arc always so long that the cremaster muscle winds 
round them in its passage to the testicle or mammary gland, and 
the uses of* these bones will be described in treating of that 
muscle. Homologically they arc the last pair of lumbar hajina- 
pophyses advanced, as in many Reptiles, from the sclerous to tlic 
osseous states : teleologically they belong to the category of the 
trochlear ossicles, commonly called sesamoid, and are developed in 
the tendon of the external oblique which forms the mesial pillar 
of the abdominal ring, as the patella is developed in the tendon of 
the rectus femoris. 1 cannot, however, participate in the opinion 
of Laurent and Dc Blainville,' that the marsujnal bones arc super- 
added to the abdominal muscles to aid in an unusually energetic 

* ‘Bulletin dcs Sciences Mediculcs’ of F<^russac, 1827, No. V7, p. 112, ami the 
‘ Aniiales d'Anat. et do Tliysiologic,* 18S9, p. 240. 
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coinpression required to expel tlic uterine foetus. It is not in the 
females of those animals which give birth to the smallest young 
that we should expect to find 
auxiliary jiarts for increasing 
the power of the muscles en- 
gaged in parturition. The 
bones in question are, more- 
over, equally developed In both 
sexes : and they are so situated 
and attached tliat they add to 
the power of the muscles which 
wind round them, and not of 
those implanted in them. They 
are not, however, merely suli- 
servient to add force to the 
aedion of the *crcmas teres,’ but 
give origin to a great j)ropor- 
tion of the so-called ■ jiyrai 
dales.’ ^ 

The osteogenesis of the mar- 
su])ial pelvis derives some ex- 
trinsic interest from the not yet forgotten specadations whi(di have 
been broached regarding the liomologdes of the marsupial bones. 
These have been conje(!tured to exist in many of the placental Mam- 
malia, with a certain latitude of altered jilacc and form, disguised, 
e.g., as the bone of the penis in the Carnivora, or appearing as 
the supplemental ossi(dcs of the accLduduin, which exist in the 
young of many of the llodcntia. In the os iiinominatum of the 
immature Potoroo the curved prismatic ilium contributes to form, 
by the outer |)art of its base, the u])per or antei*ior third of the 
acetabulum ; tlie rest of the circumference of this cavity is com- 
pleted by. the ischium and pubis, excepting a small part of the 
under or mesial margin, which is formed by a distitict ossicle or 
epiphysis of the ilium (a, fig. 152), answering to that described 
by Geoffroy St. Hilaire as the riidimental marsupial bone in the 
Kabbit. Now here there is a coexisting marsupial bone ; but 
besides the five separate bones just mentioned, there is a sixth 
distinct triangular ossicle, which is wedged into the posterior 
interspace of the ischiojmbic symphysis. The circumference of 
the acetabulum is always interrupted by a deep not(!h o[)positc 
the obturator foramen, which is traversed by a ligamentous bridge, 

* See the abstract of a paper on tlio anatomy of the .Das?/uruSf Proc. Zool. Soc. 
January, 1835. 
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and gives passage to the vessels of the Harderian gland lodged in 
the Avide and deep acetabular fossa. 

The femur is a straight, or nearly straight, long, cylindrical 
bone, having a heinisplierical head supported on a very short 
neck, especially in the Petaurists, and situated here almost in the 
axis of the shaft, above and between the tAvo trochanters, Avhieh 
are nearly of equal size. In the Kangaroos and Potoroos the 
head of the thigh-bone is turned more inward, and the outer or 
greater trochanter rises above it. In other Marsupials the great 
trochanter is less developed. In most of the species a strong 
ridffe is continued doAvuAvard to AAUthin a short distance from the 

o 

trochanter, and this ridge is so produced at the lower part in llie 
Wombat as almost to merit the name of a third trocihanter. Jn the 
Wombat and Koala there is no depression for a ligamentum teres. 
The sliaft of the bone presents no linea aspera, 

Tlie canal for the nutrient artery commences at the upper third 
and posterior part of the bone in the Koala, and extends doAvn- 
Avard, contrariwise to that in most other marsupial and })lacental 
Mammalia, 

At the distal extremity of the femur the external condyle is 
the lai‘gest, the internal rather the longest. The intermediate 
anterior groove for tJie patella is well marked in the Peranieles, 
where the ])atclla is fully developed, but is broad and very shalloAv 
in the Phalangers and Dasyures, Avherc the tendon of the rectus 
muscle is merely thickened or otters only a fcAV irregular spetjks 
of ossification ; and the corres])onding surface in the Petaurists, 
Wombat, and Koala is almost plane from side to side; in these 
Marsupials and in the Myrmecobius tlie patella is wanting. I 
find a distinct but small bony patella in the Macropus J3enncftii. 
There is a sesamoid bone above and behind the external condyle 
of the femur in the Myrmecobius and some other Marsupials. 

In the knee-joint, besides the two crucial ligaments ^continued 
from the posterior angles or cresses of the semilunar cartilages — 
one to the outer side of the inner condyle, the other to the inter- 
space of the condyles -there is a strong ligament AAdiich passes 
from the anterior |)art of the tibial protuberance backward to 
the inner side of the lil)ular condyle, and a second continued irom 
the same point along the outer margin of the outer semilunar 
cartilage to the head of the tibia. 

The tibia,, fig. 228, 6G, presents the usual disposition of the arti- 
cular surface for the condyles of the iemur, but in some genera, 
as the AYombat and Koala, the outer articular surfixee is con- 
tinuous with that of the head of the fibida. In the Kangaroos 
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ami Potoroos the anterior part of the head is much produced, 
and in the young animal its ossification commences by a centre 
distinct from the ordinary proximal epipliysis of the bone, A 
strong ridge is continued down from this ])rotuberance for about 
one-sixth the length of tlie tibia. In the Koala a strong tube- 
rosity j)rojects from the anterior part of tlie tibia at tfic junction 
of the upper with tlie middle third. In this species and in the 
Wombat, as also in tlie Opossums, Dasyures, Phalangers, and 
Petaurists, the shaft of the tibialis somewhat comjiressed and 
twisted; but in the Kangaroos, ]h)toroos, and Peramelcs tlie 
tibia is prismatic above and sub-cylindrical below. The internal 
malleolus is very slightly produced in any Marsupial, but most so 
in the Wombat. 

The./?//M/rt, ib. 67, is com])letc, and forms the external malleolus 
in all the Marsupials. In one spe(*ies of Ilf/psiprymnus and in one 
species of Peramelen larjotia) it is firmly united to the lower 
part of the tibia, though the line of separation be manifest extei- 
nally. In a second sjiccies of each of the above genera it is in 
close contact with the corresponding part of the tiliia, but can be 
easily separated trom that bone. In the Great Kangaroo the 
fibula is also a distinct bone throughout, but it is remarkably 
thinned and concave at its loAver half, so as to be adajited 
to the convexity of the tibia, with wliicli it is in close attach- 
ment. Ill each of tliesc genera, therefore, in which locomotion 
is principally performed by the binder extremities, avc perceive 
that their (isseous structure is so modified as to insure a due de- 
gree of fixity and strength ; while in the other Marsupial genera, 
as Phascolarctos, J^hascolonnjs^ Phalaupista., Petavra.s^ Didriphf/s^ 
and Dusyimis, the tibia and fibula are so loosely connected toge- 
ther and wdth the tarsus, that the foot enjoys a mfivement of rota- 
tion analogous to the pronalion and siijiination of the hand. This 
property is especially advantageous in the Petaurists, Phalangers, 
Opossums, and Koala, because in these the inner toe is so jilaced 
and organised as to perform the office of an opposable thumb, 
whence these Jlarsupials have been termed Pedimana, or foot- 
handed (fig. 228). 

It is to this prehensile ])ow^cr that the modifications of the fibula 
ehiefly relate. In the AVoinbat, fig. 212, 67, Koala, Petaurists, and 
Phalangers, it expands to nearly an equal size with the tibia, 66, at 
the distal extremity, and takes a large share in the formation of the 
tarsal joint ; but the articular surface is slightly convex, while 
that of the tibia is slightly concave. The proximal extremity of 
the fibula is also much enlarged, but compressed and obliquely 
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truncated, and giving olF two tuberosities from its exterior surface ; 
to the superior of these a large sesamoid bone, fig. 228, c?', is ar- 
ticulated ; a similar sesamoid ‘ fabella ’ is attached to the upper end 
of the fibula in a Das^iirus rnacj'urus and Petmirus taguanoides. 
M. Temminck figures it in the Didelphgn ursma and Didelphys 

Pliilun(te)\ This sesamoid and the ex- 
})aiulcd j)roecss to which it is attached 
form the homotype of the olecranon, 
fig. 212, 55; and the correspondence 
of the fibula with the ulna is very 
remarkably maintained in the Pet 
taguanoides, in 'ivhich the proximal 
articular surface of the fibula is divi- 
ded into two facets, one playing upon 
the outer condyle of the femur, the 
other concave, vertical, and rec^eiving 
an adapted convexity on the outer 
side of the head of the tibia, which 
rotates thereupon like the radius in 
the lesser sigmoid cavity of the ulna. 

In the scansorial and gradatorial 
Marsupials the bones of the hinder 
and fore extremities are of nearly 
equal length, but in the saltatory 
species the disproportion in the de- 
velopement of the bones of the hind 
leg is very great, especially in the 
Kangaroos and Potoroos, fig. 211. 
However, in those singular species 
of Ilgpsiprgwnus which inhabit Ne\v 
Guinea and take refuge in trees, the 
organisation of the Kangaroo is mo- 
dified and adajited so as to make 
climbing a possible and easy action. 
The fore and hind legs are here more equally developed, and the 
claws on the two larger toes of the hind feet arc curved instead of 
straight. In a skeleton of one of these scansorial Potoroos, the 
ITgpslprgmmis nr sinus, in the Museum at Leyden, in Avhich the 
humerus is three inches and a half long, the femur does not quite 
equal five inches in length : the ulna is nearly four inches, the 
fibula nearly five inches in length. The fibula is also less firmly 
connected with the tibia than in the Great Kanofaroo. 

The following is the structure of the tarsus in the Wombat 
and Plialanger, fig. 228. The astragalus, a, is connected as usual 
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with the tibia, fibula, calcaneum, e, aud iiaviciilare, n, Tlie upper 
articular surface for the tibia is as usual concavo-convex, the in- 
ternal surface for the inner malleolus flattened and at riffht ancrles 
with the^ preceding, but the outer articular surface presents a tri- 
angular flattened form, and instead of being bent down parallel 
with the inner articular surface, slopes away at a very open angle 
from the uj)per surface, and receives the articular surface of tlie 
fibula, 67 , so as to sustain its vertical pressure. A small propor- 
tion of the outer part of the inferior surface of the astragalus 
rests upon the calcaneurh : a greater part of the sujierincumbent 
pressure is transmitted by a transversely extended convex anterior 
surface to the naviculare, n, and cuneiform bones, e. This 
form of the astragalus is also characteristic of the Koala, Petau- 
rists, Dasyurcs, and the Pedimanous Marsupials generally. In 
the Kangaroos, Potoroos, and Perameles which have the pedes 
snltatoini^ the fibular articular surface of the astragalus is bent 
down as usual at nearly right angles with the uj)per tibial surface. 

The calcaneum in the Wombat presents a ridge on the outer 
surface which serves to sustain the ])ressurc of the external mal- 
leolus, which is not articulated to the side of the astragalus. The 
internal surface which joins the astragalus is continuous witli 
the anterior slightly concave surface which articulates with the 
cuboides. The ])osterior part of the bone is compressed, it pro- 
jects backward for nearly an inch, and is slightly bent down- 
ward and inward. T"his part is relatively shorter in tlie Koala, 
Phalangers, Ojiossums, and Petaurists, but it is as strongly de- 
veloped in the Dasyuri as in the Wombat. The anterior part of 
the calcaneum of the Plialangcrs is shown at r, fig. 228. 

In the Dasyiirus mamtrus a small sesamoid bone is wedged 
in behveeii the astragalus, tibia, and fibula at the back part of 
the ankle-joint. In the Petaurus tayuanoides there is a suyiple- 
mental tarsal bone wedged in between tlie naviculare and cuboides 
on the plantar surface. 

The hom()ty])y of the carpal and tarsal bones is very clearly 
illustrated in the Phalanger. The Innare. and scaphoui of the 
hand correspond with the astragalus and naviculare of the foot, 
transferring the pressure of the focile wajtis upon the three 
innermost bones of the second series. The long, backward- 
projecting pisiform bone of the Avrist closely resembles the pos- 
terior process of the os calcis ; the aiiicular portion or body of 
the os calcis corresponds with the ctmeiforme of the carpus ; the 
large carpal unciform represents the tarsal cuboides, and performs 
the same function, supporting the two outer digits ; the three 
cuneiform bones of the foot are obvious homo types of the trope- 
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truncated, and giving off two tuberosities from its exterior surface ; 
to the superior of these a large sesamoid bone, fig. 228, 6?', is ar- 
ticulated ; a similar sesamoid fabella ’ is attached to the upper end 
of tlie fibula in a Dasyurtis macrurus and Petaiirus taguanoidcs, 
M. Temminck figures it in the Didelphys ursina and Didelphys 

Philander. This sesamoid and the ex- 
j)andcd process to which it is attached 
form the homotype of the olecranon, 
fig. 212, 55; and the correspondence 
of the fibula with the ulna is very 
remarkably maintained in the Pet, 
taguanoideH, in \vhich the proximal 
articular surface of the fibula is divi- 
ded into two fleets, one playing upon 
the outer condyle of the femur, the 
other concave, vertunil, and receiving 
an adapted convexity on the outer 
side of the head of the tibia, which 
rotates thereupon like the radius in 
the lesser sigmoid cavity of the ulna. 

In the scansoi'ial and gradatorial 
Marsupials the hones of the hinder 
and fore extremities are of nearly 
equal length, but in the saltatory 
species the disproportion in the de- 
velopcment of the bones of the hind 
leg is very great, especially in the 
Kangaroos and Potoroos, fig. 211. 
However, in those singular s])ecies 
of Ilgpsiprgmnus which inhabit New 
Guinea and take refuge in trees, tlie 
organisation of the Kangaroo is mo- 
dified and adapted so as to make 

Bonos oI the leg and foot , t i • *11 

climbing a possible and easy action. 
The fore and hind legs arc here more equally developed, and the 
clawi on the two larger toes of the hind feet are curved instead of 
straight. In a skeleton of one of these scansorial Potoroos, the 
Hgpsipiymnus ursuius, in the Museum at Leyden, in whidi the 
humerus is tliree inches and a half long, the femur does not quite 
equal live inches in length : the ulna is nearly four inches, the 
fibula nearly five inches in length. The fibula is also less firmly 
connected with the tibia than in the Great Kangaroo. 

The following is the structure of the tarsus in the Wombat 
and Phalanger, fig. 228. The astragalus, a, is connected as usual 
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with the tibia, fibula, calcaneum, c, and naviculare, w. The upper 
articular surface for the tibia is as usual concavo-convex, the in- 
ternal surface for the inner malleolus flattened and at rig-ht angles 
with the^ preceding, but the outer articular surface presents a tri- 
angular flattened form, and instead of being bent down parallel 
with the inner articular surface, slopes away at a very open angle 
from the upper surfiice, and receives the articular surface of the 
fibula, G7, so as to sustain its vertical pressure. A small propor- 
tion of the outer part of the inferior surface of the astragalus 
rests upon the calcaneuih : a greater part of the superincumbent 
pressure is transmitted by a transversely extended convex anterior 
surface to the naviculare, and cuneiform bones, i, c. This 
form of tlic astragalus is also characteristic of the Koala, Petaii- 
rists, Dasyures, and the Pedimanous Marsupials generally. In 
the Kangaroos, Potoroos, and Peramcles which have the pedes 
saltatorii, the fibular articular surface of the astragalus is bent 
down as usual at nearly right angles wdth the upper tibial surface. 

The calcaneum in the Woinl)at presents a ridge on the outer 
surface which serves to sustain the j)rcssure of the external mal- 
leolus, which is not articulated to the side of the astragalus. The 
internal surface which joins the astragalus is continuous with 
the anterior slightly concave surface which articulates with the 
cuboides. l.^hc posterior part of the bone is compressed, it pro- 
jects backw^ard for nearly an inch, and is slightly bent down- 
ward and inward. This part is relatively shorter in the Koala, 
Phalangers, Opossums, and Petaurists, but it is as strongly de- 
veloped in the Dasyuri as in the Wombat. The anterior part of 
the calcaneum of the l^halangers is shown at c, % 228. 

In the Dasyurus viacrurus a small sesamoid bone is w^edged 
in between the astragalus, tibia, and fibula at the back part of 
the ankle-joint. In the Petaurus tayuanoides there is a supple- 
mental tarsal bone wedged in betw^cen the naviculare and cuboides 
on the plantar surface. 

The homotypy of the carpal and tarsal bones is very clearly 
illustrated in the Phalanger. The lunare and scaphoid of the 
hand correspond wdth the astragalus and naviculare of the foot, 
transferring the pressure of the focile majus upon the three 
innermost bones of the second series. The long, backward- 
projecting pisiform bone of the mast closely resembles the pos- 
terior process of the os calcis ; the articular portion or body of 
the os calcis corresponds with the cuneiforme of the carpus ; the 
large carpal unciform represents the tarsal cuboides^ and performs 
the same function, supporting the two outer digits ; the three 
cuneiform bones of the foot arc obvious homotypes of the trnpe- 
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ziurtiy trapezoides^ and os inatpium. The entocuiieiforin l)one is the 
largest of the three in the Wombat, although it supports the 
smallest of the toes. It is of course more developed in the Pedi- 
manous Marsupials, where it su})ports a large and opposable thiinib. 

In the Wombat the metatarsals progressively increase in length 
and breadth from the innermost to the fourth ; the fifth or outer- 
most metatarsal is somewhat shorter but twice as thick, and it 
sends oft* a strong obtuse process from the outside of its proximal 
end. A corresponding process exists in the Phalangers, fig. 228. 
The innermost metatarsal of the W ombat, fig. 212, /, su])ports only 
a single phalanx; the rest arc succeeded by three phalanges each, 
progressively increasing in thickness to the outermost ; the ungual 
phalanges are elongated, gently curved downward, and gradually 
(liminisli to a point. 

In the Myrmecobius the tibial or innermost toe is represented 
by a short rudimental metatarsal bone concealed under the skin. 
In the Dasyures the innermost toe has two phalanges, but it is the 
most slender and does not exceed in length the metatarsal bone of 
the second toe. In the Petaurists it is rather shoi'ter than the 
other digits, but is the strongest,- and in Petanrus tapuanoi.dcs \\iQ 
terminal phalanx is flattened and expanded ; the toes are set wide 
afiart in this genus. In the Opossums and Phalangers the inner- 
most metatarsal bone is directed inward ajiart from the rest, and 
together with tlie first jdialanx is broad and fiat. The second 
phalanx in the Opossums su]»j)orts a claw, but in the Phalangers 
is short, transverse, unarmed, singidarly expanded in Pk, CooltUy 
but almost obsolete in Fit, nrsiiia (fig. 228, i). J]i all the ])reced- 
ing genera there are two small sesamoid bones on the under side 
of the joints of the toes, both in the fore and hind feet. 

The commencement of a degeneration of the foot which is 
peculiar to Marsupial animals may be discerned in the Petaurists, 
in the slender condition of the second and third toes, as comy)arcd 
with the fourth and fifth. In the Phalangers this diminution of 
size of the second and third toes, counting from the hallux, is 
more marked. They are, also, both of the same length and have 
no individual motion, being united together in the same sheath of 
integument as far as the ungual phalanges, whence the name of 
Fhalangista applied to this genus (fig. 228, 2 and s). 

In the saltatorial genera of Marsupials the degradation of tlie 
corresponding toes is extreme ; but though reduced to almost fila- 
mentary slenderness they retain the usual number of phalanges, 
and the terminal one of each is armed with a claw. These claws 
being the only parts of the rudimental digits which project freely 
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beyond the integument, they look like little appendages at the 
inner side of the foot for the purpose of scratching the skin and 
dressing the fur, to which offices they are exclusively designed. 
The removal of the innermost toe, corresponding with our great 
toe and tlie hallux of the Pedimana^ commences in the Peramoles. 
In one species I find the metatarsal bone of this toe su])ports only 
a single rudimental phalanx which reaches to the end of the next 
metatarsal bone, and the internal cujieiform bone is elongated. 
In another species the internal toe is as long as the aljortive 
second and third toes, and has two phalanges, the last of Avliich is 
divided by the longitudinal fissure characteristic of tlic ungual 
phalanges in this genus. In the Perameles latjotis the innermost 
toe is represented by a rudimentary metatarsal bone, about one- 
third the length of the adjoining metatarsal. 

In the Poephagous Marsupials no rudiment of the innermost 
toe exists. The power of the foot is concentrated in all these 
genera on the fourth and fif'th or two outer toes, but es])ecially 
the fourth, which, in the Great Kangaroo, is upwards of a foot in 
length, including the metatarsal bone and the claw. Tliis for- 
midable Aveapon resembles an elongated hoof, but is three-sided 
and shar])-pointed like a l)ayonct, and witli it the Kangaroo stabs 
and rips oijen the abdomen of its assailant: Avith the anterior 
extremities it Avill hold a poAverful dog lirmly during the at- 
tack, and firmly supporting itself behind upon its poAverful tail, 
deliver its thrusts Avith the Avhole force of the hinder extremities. 
The cuboid bone which sup])orts the tAvo outer metatarsals is 
j)roportionally developed. The internal cuneiform bone is pre- 
sent, though the toe Avdiich is usually articulated to it is wanting. 
It is also the largest of the three, and assists in sup[)orting the 
second metatarsal ; posteriorly it is joined Avith the naviendar and 
external cuneiform bones, the small middle cuneUbrm occu|)ying 
the space between the external and internal Avedge-bones and the 
proximal extremities of the tAvo abortive metatarsals. The great 
or fourth metatarsal is straight and somewhat Hattencd ; the ex- 
ternal one is compressed and slightly bent outAvard; the toe 
Avhich this supports is armed Avith a claAv similar to tlie large one, 
but the ungual phalanx docs not reach to the end of the second 
phalanx of the fourth toe, and the whole digit is [)ro[)()rtioiially 
Aveaker. In the climbing Potoroos (^Ihjpsiprymniis nrsinus and 
Hypsiprpnmis doreocep]ialus\ the tAVO outer toes arc propor- 
tionally shorter than in the leaping species, and arc terminated 
by curved claws by Avhich they gain a better hold on the branches 
and inequalities of trees. 
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§ 181, Skeleton of Rodentia. — X. Vertebral Column, — The Ro- 
dentia have seven cervical, and, as a rule, nineteen dorso-lumbar 
vcrtebrjc. The agile Hares with flexile trunk have long loins, 
viz. D 12 , L 7, fig. 229. The Jerboas, fig. 232, that bear the 




iiaiT {Leima Inutthu). 


trunk aloft, like the Kangaroos, have also twelve dorsal and 
seven lumbar vertebne : the burrowing Por(ni])incs and swim- 
ming Beavers, fig. 230, have their trunk braced by a greater 






Bj'aver (Custer Fiber). 


number of long moveable ribs, making in Castor 
Fiber, l> 15, l 4 ; in Hj/strix cristata, n 15, L 4 ; 
in Ilystrix alopha, D 14, l 5. The average Rodent 
number is J> 13, l 6. Exceptions are few, and 
fewer than at first sight, if well looked to ; thus, a 
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nkeleton of Dasyprocta Aciichy, showing D 13, L 7, has the supple- 
mental lumbar vertebra with sacral characters and connection on 
the left side : Cuvier assigns to the Dormice (Loirs and Lerots) 
T> 13, L 7 : the burrowing Cape Mole-Kats have tw^enty or twenty- 
one dorso-lumbars : in these I liave found i3-7, i4-6, and 14-7, 
and tlic latter is the number . of dorsal and lumbar vertebrae 
respectively : the Australian Water-Hat {^Hydromys chry soy aster) 
has D 14, L 7 : the best-marked exception is that of the Capromys, 
which has D 16 , L 7 = 23. In some Hodents only one, in most 
but two, vertebrie join the ilia: three and four are common 
.numbers of anchylosed sacrals. In the seemingly tailless Cavies 
and Pacas the caudal vertebrie may be but seven, eight, or ten 
in number: in the Black Rat and Ilapalotis alhipes I have 
counted as many as thirty. The Great Jerboa has twenty-nine 
caudals, wliich also have the proportions and perfections of those 
in the Kangaroo. 

The met- and an-apophyses commence by a common tubercle at 
the fore part of the dorsal series ; the anapophysis, fig. 231, d, a, 
begins to be distinct at the back part of the series, and tlie meta- 
])ophysis, ib. to project from above the anterior zygapophysis, 
zx both processes are usually well asi 

(level o])cd in the posterior dorsal i> s 
and lumbar vertebrie, ib. l : the 
dia])ophysis, d, subsides in the 
posterior dorsals and is IcJigthcned 
in the luml.)ars, l, by a coalesced , 

, Dorsal Mnnbar 

v\h\Qt (^pleiir apophysis)^ \h, d. In \ criibni\L.Lsr,)M». 

the Great •J erboa {Helamys) the diapo])hysis is unusually long and 
strong ill the first dorsal : the anapo|)hysis first projects frmn 
the back part of the eighth dorsal, and the metapophysis from the 
fore part of the ninth; both processes are Jong in the first five 
Jumbars. The neural spines progressively increase in length to 
the last lumbar, and are strongly inclined forward toward that of 
the eleventh dorsal, fig. 232, d: the antecedent spines incline 
backward to the same vertebra, the spine of wdiich is vertical, 
and indicates the centre of motion of the trunk. Tins arrange- 
ment of the neural spines is well marked in all the agile flexible- 
bodied IWents. In the Hare, fig. 229, the neural spine of the 
ninth vertebra, d, indicates the centre. The anapophyscs begin 
on the eighth, the metajiophyses on the ninth, dorsal: these in- 
crease and are continued throughout the lumbar region, where 
they are very long. The anapophysis assumes the form of a 
ridge in the last dorsal and lumbar vertebra). The lumbar 
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(li-pleur-apopliyscs, ib. d, arc long and incline forward and down- 
ward, Long liypapophyscs, ib, h, are also developed. 

The thoracic ribs consist of bony plenr- and gristly Inem- 
apophyses: of these the seven anterior pairs, as a rule, directly 
join the sternum, which then consists of six bones or ^ sternebers.’ 
In the Beaver, Porcupine, Coypii, and a few others, there are 
eight pairs of ‘ true ribs : ’ in an Acuchy with this number I 
found nine sternal bones, the foremost representing an ‘ epi- 
sternar articulated to the ^manubrium.’ 


T\iq first rib is the shortest, unusually so in 
Hydromya, and has often a partial articu- 
lation nith the last cervical vertebra. The 
neural spine of the sccotkI dorsal is com- 
monly the longest. 



In the Beaver, fig. 230 , the 
sacrum consists of four anchy- 
vertcl)rai : the articular sur- 

fa^^e for the ilium is almost con- 

__ fined to the transverse process of 
vertebra; : those 
of the last are the longest. The 
sacral nerves directly perforate 
the Tieura|iopliyses of the last two vertebra!, antei ior to the vacuity 
leit between the bases of the transverse processes. I’he neural 
arches of the first six caudal vertebrie are similarly perforated. Their 
transverse ]>rocesses are long, horizontally flattened, and terminally 
expanded ; .and the vertebr®, after these processes subside, are 
t icir lar^e size, and a certain degree of corre- 
spondence of shape with the broad, flat, scaly tegumentary tail 
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which they sii|)port. In most Rodents wdth long tails, hamia- 
j) 0 |)hyses are developed beneath the intervertebral spaces, as in 
the Jerboas, fig. 232, A. In one member of the Porcupine family 
( Cercolahcs)^ and in one species of Capromys ( C. prehensUh), the 
tail has a prehensile extremity. 

The seventh cervical vertebra has an imperforate transverse 
process in some Rodents, a ])erforate one in others : in the Hare 
I have observed this difference in different individuals. The 
pleurapophyses early ancliylose to form the vertebrarterial foramen 
in the sixth-second cervicals. The neural spine is usually longest 
in the second and seventh ; it is obsolete in the intermediate cer- 
vicals in many Rodents. In the Hare tlie transverse processes of 
tlie atlas are perforated longitudinally by the vcrtebi*al arteries, 
which tlien perforate the neural arch. * The hypapophysis, or 
so-called body, is ossified, and a small tubercle extends bac'kward 
fr<nn its under paid. In the atlas of the Chinchilla the transverse 
jirocess is pierced both horizontally and obliquely, and the verte- 
bral artery also perforates the neural arch. 

B. SkulL — As in the Marsupialia, the conHuence of the elements 
of the epcncei)halic arch is late, and that of the tympanic is 
restricted to tlie petrosal and mastoid. The squamosal maintains 
its individuality, and also much of its long slender ])rojK)rtions, 
and the malar is suspended in the middle of the zygomatic arch, 



as in Birds: other characteristics of the Rodent skull will be 
exemplified in the following species. 

In the llare (Lepus timidus^ fig. 233) the superoccijiital is 
surmounted by a square platform of bone — originally a distinct 
interparietal — the posterior angles of which project backward in the 
form of two tulj^ercles, from between which a vertical crest descends 
to the foramen magnum. The paroccipitals arch downward and 
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outward in close connection witli the descending process of the 
large subquadrate mastoid, 8 , which anchyloses with the petrosal 
and tympanic. The long bony ^ meatus audltorius ’ ascends 
obliquely backward — the direction in which this timid Ilodcnt is 
most concerned in ascertaining the sounds that may warn it of an 
approaching enemy. The tympanic cavities intercommunicate by 
a sinus traversing the basisphenoid. The outer part of the ali- 
sphenoid is perforated by the ectocarotid artery. The entocarotid 
pierces the tympanic bulla. The petromastoid is articulated in a 
peculiar manner to the squamosal, which, after expanding beyond 
its zygomatic part to be applied to the parietal and alisphenoid, 
resumes the form of a narrow thin plate of bone, applied to a 
shallow depression u])0u the mastoid, and thus clam])ing it, as it 
were, to its place. The frontal sends outward a large aliform 
curved plate above each orbit, the extremities of which form 
postorbital and antorlntal processes, the notches wliich divide tlic 
anterior from the posterior part of the frontal being unusually 
deep. The common outlet of the optic nerves extends forward, 
so as to occasion a small vacuity at the back part of the inter- 
orbital septum. Each orbit presents a wide vacuity at its fore 
part, which leads into the lateral nasal cavity, bounded externally 
by the singularly reticulate nasal plate of the maxillary, 21. The 
zygomatic arch, which is slightly curved downward but scarcely 
at all outward, developes a small prominence both from its front 
and hind extremity below the points of sus]>ension. The arti- 
cular surface lor the lower jaw is broad and concave transversely, 
narrow and convex longitudinally. The bases of the sockets of 
the superior molars form a strong prominence in the orl)it l)el()w 
the anterior vacuity. The nasal bones, 15, are remarkable both 
for theii* length and breadth ; they extend further back than the 
long slender nasal processes of the preinaxillarics, 22. The bony 
palate is extensively encroached upon by the prepalatal apertures, 
Avhieh blend together to form a narrow lieart-shaped vacuity 
with the apex directed forward, largely exposing the vomer 
and the nasal cavities. The jialatal processes of the maxillarics 
and palatines form a bridge, or platform, extending across oppo- 
site the three anterior molar teeth. The nasal processes of the 
palatines are of unusual height. The angle of the lower jaw 
forms a broad compressed plate, with the lower border rounded 
and thickened, so as to project a little beyond both the outer and 
inner surface of the ascending plate : the outer ridge is continued 
forward to the horizontal ramus, bounding the large masseteric 
fossa. The petrotynipaiiics form ^ bullae osseae.’ The pterygoids 
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(levclope both exteinial aiul internal plates: the outer Y>hvtc is 
AvideJy perforated at its base; the inner plate terminates in a 
hainiilar proceSvS. 

Tlie coininoii foramen opticiiin, the \vid(! ])alatal vacuities, tlic 
transversely extended glenoid cavity, and tlie inflected mandibular 
angle, indicate affinity to the Marsupials. 

In a skull, seven inches long, of a Cn])ybara, lig. 234, with the 
entire scries of t)crinanent teeth in place, the sutures l)etween 
the elements of the j^ccipital bone still remain. The compressed 
paroccipitals, 4, are of enormous length. The basiocinpital eon- 
tributes to each condyle its lower extremity. 44ie exoccl])itals 
almost meet above the foramen magnum, the ])lanc of* which is 
nearly vertical. The basisplienoid is j>erforated by a nuMlian 
vtirtical canal, and is notched laterally by the (mtoca\‘oti<ls. 1'he 
squamosals are distinct, and essentially like those in the Hare, 
sending backward the long compressed lamina which clam])s llu^ 
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tympanic and mastoid to the side of the cranium. A venous 
sinus issues from beneath this process of the S(]uainosal. The 
longitudinal groove forming the articidar cavity' for tim lower 
jaw is angidar, and completed externally l)y the malar hone, 2 «. 
The meatus auditorius is unusually contj-acted, is cleft helow, and 
bounded thei'C by two small tid)erositi('s. The teinj)<iral and 
orbital fossae arc blended together, as in all Ixodejits. The lacry- 
mal bone is of unusual size, and extends forward upon the side 
of the face between the frontal, n, and maxillary, 2 ;. The ant- 
orbital vacuity is immense. The nasal hones, arc loj ig", larg'c, 
and of nettrly equal breadth throughout. The nasnl |>roeesscs 
of tlie prcmaxillaries, 22 , are coextensive Avith tlican. The sagittal 
suture is obliterated, as well as a great part of the frontal sutm*e. 
There is no trace of interparietal bone. A single foramen inci- 
si\ iim is situated anterior to the two large nui'inal prepalatine 
VOL. 11. . B 15 
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ay)ertures; the postpalatine foramina are In the centre of the 
l)ony palate, between the palatines and maxillaries. The pala- 
tines arc large. The cribriform plate and its median ridge or 
‘ crista galli ’ project backward into the large rhinence])halic 
fossa. Pterygoid sinuses are formed anteriorly by the proper 
})terygoids, and posteriorly by the ecto- and ento-pterygoid 
plates of the sphenoid. The ectopterygoid ])late is perforated by 
an ‘ interptcrygoid ’ canal, above which is a smaller ‘ ectocarotid’ 
canal. The lower jaw shows a strong ridge or platform outside 
the molar alveoli. The coronoid and condyloid processes rise 
very little above the grinding surface of the molars. The chief 
pi'ocess of the lower jaw is the angle, «, which is broad, com- 
pressed, and ])rod need far backward, where it terminates obtusely. 
'Hic upper surfacic of the skull is flat, and its contour deviates 
little from a straight line, slightly descending toward the occiput 
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and the end of the nasals. The zygouiatli! arch is compressed but 
deep, especially below the fore part of the orbit. The acoustic 
bulhe are (M)m])aratively smalU 

In Chinrliflla hrnufora, figs. 235, 236, the mastoid portion, b, 
of the large tympanic bulla, «, m, rises to the upper surface 
of the cranium, as at but it is girt by a pro6ess of the 
supcroccipital, /, which extends outward to articulate with the 
extremity of‘ the slender process of the squamosal, e. The vacuity 
which intervenes between the alisphenoid, parietal, and tympanic, 
and which, in other Mammals, is closed by the inore expanded 
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squamosal, is licre, tlu'ough the retention by that bone of its pri- 
p, initive form as a diverging slender ray, left uncovered. Tlie 
' meatus is long, wide, infundibiiliform, with the outlet obliquely 
truncate and directed upward and a little baclvAvard : the petrosal 
bulla, m, continued from its lower extremity, seems to describe 
a semicircular curve downward ami backward, circums(*ribing 
llie large foramen, which directly ])ierces the bulla beneath the 
meatus. The paroccipital is slender; its point does not extend 
])eloAV the level of the tymj)anic bulla. The articular groove for 
the lower jaw is deep, and is com])letcd externally by the malar, 
k. An almost circular |)iece seems to be cut out of the zygoma, 
abo^'c the junction of the malar with the squamosal. The facial 
}■/ ]>art of the hicrymal extends half-way across the antori.)ital root oT 
the zygoma, Avhei’c the zygomatic part of the maxillary articulates 
by suture witli tiie nasal process of the same bone, (‘ircumsci'ibing a 
largo autorbilal vacuity. The nasal processes of the pi'cmaxillarics 
slightly expand at their extremities, which extend l)cy()nd the 
corresponding ends of the nasals, L A sti’ong and bmg oblitpie 
ridge traverses the inner side of the ramus of the lower jaw. 1'l)e 
outer side is irregularly swollen by the bases of the sockets of the 
(Mirved molars, but has not the distij)ct ridge which characterises 
that part in the Cavlcs. 

V In tlic skull of an advdt 
Taca ( Cailof/nufs, fig. 2.37), 
with the mature dentition, 
the sutures between the 
elements of the occipital, as 
likewise the sagittal suture, 
are obliterated. There is no 
trace of interparietal hone. 

The basioecipital, basisjdie- 
I noid, and pres[)henoid have 
coalesced to form a continu- 
ous bony floor for the cranial cavity. The tliird division of the 
fifth notches the alispheiiold posteriorly, the for;unen ovale being an 
irregular fissui'c between the ali-and basi-sphenoids and the petro- 
j^al. The petrotympanic is free from the srpiamosal, and rather 
loosely suspeaded beneath the overarching posterior lamella of the 
squamosal, whieh bends down external to the mastoid and paroc- 
cipital, 4 . The malar, 26 , is a slightly curved plate, twice as deej) 
its it is long, and forms the posterior tliird ])ai-t of the zygriniatic 
expansion, the riist being formed by the maxillary, 2 i, which is 
nnusually and enormously developed. The squamosal forms only 
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tlie base of the zygoma ; It is grooved below for the mandibular 
joint, to which tlie malar contributes the outer part. The nasal 
pro(?osses of the premaxillary do not extend so far back as the 
nasals : the large antorbital vacuity, v, is reduced by the max- 
illary zygomatic plate to a crescentic form. The zygomatic 
(*x|)ansion of the maxillary, 21, is deeply excavated on the inner 
side; it forms, in the recent animal, a large bony capsule 011 
each side of the mouth, communicating tlierewith and lined 
l)y the buccal memln-aue. A vertical sinus tenninatiug below 
in two small foramina, communicating Avitli tlie orbit, divides 
the rl linen cephalic from tlie pi'osencephalic fossa. A branch of 
the lateral sinus leads from aliovc the petrosal to hetween the 
squjimosal and tymjianic externally. The ol fac. to ry cavity extends Xi 
baidvward beneath the rhinencephalic one, but not above it. The 
ccto|)tcrygoid jirocess joins the proper jiterygoid, and, Avith the 
eiitopterygoid jilate, completes a vvi<le interpterygoid canal. The 
base of the ectopterygoid is perforated by an ectocarotid foramen. 

The squamosal is excluded from the cranial cavity by a fissui'c 
which Avidens as it descends betAvecii the squamosal and petro- 
tyin])anic: a venous sinus occupies this fissure. A horizontal 
siqil um divides an upper from a lower compartment of the anterior 
half of the tynqianic bulla. Tlie sella turcica is shallow, and not 
defined by clinoid processes ; the chiasmal jilatform is siibqua- 
drate, and leads to a fossa, perforated by tlie tAvo large and ap- 
jiroximated elliptical ojitic foramina; a deep and narrow groove 
extends from the optic fossa to the rhinencephalic compartment, 
Avhere it divides to terminate at tlie orbito-ethmoidal foramina. 

The foramen rotuiidum and 
foramen lacerum aiiterius 
combine to form a large 
subquadrato vacuity. The 
cerebellar fossa on the upper 
part of the petrosal is very 
dce|). Tlie meatus internus 
is extremely shalloAV, and 
almost immediately divides 
into the cochlear and vesti- 
bular canals. ^ 

In the Porciipine(//i/ 5 ^n.r 
crutata), fig. 238 , the occi- 
pital region is nearly flat ; the paroccipitals descend only to the level 
of the occipital condyles. The mastoid forms btit a rough ridge. 

The auditory bullie arc moderately developed ; the external meatus 
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is short, directed outward and a little forward, and is nottjhcd 
behind. A fissure, which widens at botli ends, divides the tyin 
panic from the clampinfr process of the s(piainosal : this articulates 
behind by a suture w ith the mastoid. The parietals, fig. 239, 7, ari‘, 
broad, but short, and pinched in, as it were, by the temporal fosstv, 
Avhich almost meet at the line of the sagittal suture, which ivS obli- 
terated. The frontals, ih. ii, arc more than double the size of the 
parietals, and arc greatly swollen by the enorinons sinuses. The 
most remarkable feature of the Poretiy)Ine’s cranium is the magni- 
tude (d* the nasal bones, 15, especially their great posterior expanse, 
which terminates beliind on the same vertical parallel .as flic iniddh^ 
of the zygomatic arch. This character is contrasted in fig. 239 
with the small size of the nasals, 15, in the Manatee and Capii(*hin 
Monkey. The thick anterior pier by wliieli the zygomatic arch is 
suspended is formed by the maxillary and laeryinal. The sleiidc)* 
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horizontal process of the maxill.ary, which bounds the lower [)art 
of the aiitorbital vacuity, fig. 238, v, appears like a second zygoma. 
"Ihe prcmaxillaries progressively eontracit as tliey [)ass backward 
and join the frontals, nearly an inch in advance of the hinder bor- 
der of the nasals. Tlic bony j)aiate terminates by a thick rounded 
border between the hast molar teeth. The })terygoi(ls send haedv- 
ward and upward a hamular process, which joins the tympanic^. 
\ bulla. The cerebellar depression upon the petrosal is very shallow : 
the fore part of the ]x*trosal presents a large protuberance. The 
rhiiicncephalic fossa is relatively of large size, and is defined by a 
well-marked ridge from the rest of the cranial cavity. Two vascu- 
lar canals are continued Into its low^er |)art from above the opti<) 
foramina, instead of an open groove, .as in the Agouti. The 
coalesced prefrontals are compressed. The vomer is deeply cleft 
I>ostcriorly, and h.as coalesced with the cthmoturbinals, and its 
anterior part articulates with the median ascending process of the 
premcaxillary .arching over the wddc vacuities which lead from the 
nasal passages to ‘the 2 )repalatine .apertures, as in most Rodents, 
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The cranial air-cells contiiuied from the nasal and tympanic 
cavities reach the occiput. The tympanum is divided by a liori^ 
zontal partition into an upper and lower chamber, intercommuni- 
(*ating ]>osteriorly above the membrana tympani, which is situated 
in the lower division, where the mcatUvS auditorius cxteruus ter- 
minates in a narrow oblique slit. The exti*aordinary extent ol* 
the air-sinuses siirroundino’ t he fore j)art of the cranial cavity and 
devclo])ed in the orbitosphenoids, alisjdienoids, squamosals, and 
froiitals, with the radiating l)ony septa of those sinuses, are pecu- 
liarities o(‘ the Porcupine. 

In an almost full-grown Beaver, lig. 240, the elements of tlie 
occijiital bone are still unanchylosed ; the lower third of each 
condyle is formed by the basioccipital, the under surfac.e of which 
])rcsents a large and deep excavation. The up])er part of tlui 

foramen magnum is com- 
])leted l)y the broad super- 
occi]>ital. The mastoid is 
larger than in the l\jreu- 
pines, and articulates ante- 
riorly Avith both the parietal 
and squamosal : it is anehy- 
loscd to the ])ctrosal. There 
is a perforation in the sutiiri*. 
between the snperoccipital 
and mastoid. The intcr- 
l)arictal is large, and Avholly 
upon the upper surface of 
the cranium. Tluj s([namosal is iierforated behind and below the 
root of the zygoma. The froutals arc small and almost flat above. 

I he nasal bones extend turther back than the ])remaxillaries, in 
the l^nropcan licavcr, beyond tlie transverse line whieli extends 
behvecn the antorbital tuberosities. 4die anterior root oF the 
zygoma formed by the maxillary is a simple plate Avbich ajipcars 
to he imperforate, the orifice ol the slender antorbital canal being 
<Mm(*ealed by a verthail ridge of the maxillary, which incliiios 
forward over tlie inaxillo-premaxillary suture. 

The epencoplialic compartment is lower and broader than in 
the Porcupine. TIxq cerebellar fossa of the petrosal is larger 
and de^eper. The upper compartment of the tymjAaimm is much 
less. I he length and direction of the auditory meatus is shoAVio 
lig. 240, o : it (duinges its form into a transverse fissure, as It 
;vj>|)roa(dies the membrana tympani, the plane of wdncli is almost 
parallel with that <d. the meatus itseli. Tlierc arc no nasal air- 
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.sinuses in tlie cranial bones of this aquatic Rodent, and their 
texture is denser than in most of the order. Tlie sella turcica 
is extremely shallow, and without clinoid processes : the middle 
of the basioccipital is reduced by the excavation on its undei- 
sinface to extreme thinness. A small vacmity in the basisphe- 
noid communicates with the cranial cavity close to the ^ flssura 
]a('era anterior.’ The presphenoid is ])erforatc<l transversely. The 
rliinenceplialic fossa is Avell marked. The anterior end of the 
vomer articulates Avitli both the maxillary and premaxillary bones, 
as in the Rat. 

In the skull of the Ondatra or Musk Vole {Fiber zibeticusy 
fig. 241), the basioccii)ital 
is not excavated, as in 
tlie Beaver, hut there is 
the same perforation be- 
tween the mastoid and 
sinicroceipital; and a large 
vacuity in the jiosterior 
[iroccss of the s(pininosal 
communicating di roetly 
Avith the cranial cavity. 

'riie squamosal is unusu- 
al ly expanded above the zygomatic process, and artieuhites 
largely Avitli both Irontal and ])ariotal. 4^110 zygomatic process ol* 
tlie maxillary reaches almost to that of the squamosal, and siip- 
])orts a great part of the malar bone. The antorbital foramen, r, 
is larger tlum in the Beaver, but is bounded externally, as in it, 
by a nearly vertical ridge of the maxillary. 44ie interorbital 
septum is jierforated behind, beneath the orbitosphciioid. There 
is no distinct lacrynial hone ; but tlie turbinal lioucs apjiear at 
the fore part of I lie oi-hit between the two [irocesscs of tlie 
maxillary Avliich join the frontal, and above the aperture coiri- 
nmnicating with the nasal cavity. The anterior jiart of tlui 
maxillary, in front of the antorbital i’oranuMi, is swollen, and 
forms a curved canal eomiuencing by an oblique aperture su- 
periorly, and descending outward and backward round th(» 
socket of the superior incisor to terminate in the nasal meatus : 
tiiis part may pr(»bably jirotect the lacn'ymal sac and duct. Tlie 
interparietal* is a transversely quadrate hone. The sagittal suture 
is retained, and the upper surface of the parietal is smooth, and 
nearly flat : the temporal ridges meet and develo[)e a crest upon 
the narrow fronfals, obliterating the frontal suture. 14ie hac.k 
part of each ramus of the lower jaw is trident-shaped from the 
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iiliuoftt equal (lcvelo|)ement of tlie eoronoid and angular proeesROft, 
on ea(*h side the base of the narrow process supporting the 
condyle. ' 

fn the Great ]\L)le-Rat ( eaprnsis), the occipital 
region of tJie skull is very In'oad and low. The compressed 
paroccipitals project downward and backward. The auditory 
bulla is [)yrifornij its apex articulating with the pterygoids. The 

temporal fossie meet along 
a well-developed crista ex- 
tending fiom the interor- 
l)i(al region to the strong 
t rails verse superoceipital 

crest. The squamosal forms 
a horizontal ]>late, with a 
curved border extending 
from the root of the zygoma 
to above the '‘meatus ex- 
tern us/ wdiich is directed 
upward and forward. uj 
zygomatic arches are strongly curved outward. The premaxil- 
larios extend further backward than the nasals : these are very 
long and narrow. In the lllind Mole-Rat (Spnlffx tf/phlus), the 
orbit, fig. 242, o, is not defined: the great antorbital vacuity, r, 
might l)c mistaken for it. 

in the skidl of the ( iipe Jerboa (IJelamf/s capejiKh), the occi- 
pital region, owing to the enormous dcvelopeinent of the acoustic 

biillic, a|)pcars as a broad shallow 
depression between them at the 
back ))art of the skull. The pav- 
occipitals arc small, slender, snb- 
elongatc, and project doAvnward, 
distinct from the bullie. The 
broader mastoid processes are ap- 
plied to the outer side of the 
petrosal portion of tlie bulhe : the 
swollen bases i>f the mastoids form a tract upon the upper surface 
of the (Tanium larger than the intorparietal bone, on each side of 
which they are situated. The slender posterior clamping processes 
of the sqnamosals impress the outer sides of the Ind he which they 
support, above the ‘meatus extermis:’ this canal is directed 
upward and a little outward. The parietals are pushed by the 
sqnamosals enljrely to the upper region of the cranium : the 
sagittal suture remains, as well as the frontal one. The temporal 
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musctles seem to have been nmisually small in this Rodent: ih(*ir 
fossa? impress only the small siiiiamosals. The eoronoid process 
t)f the lower jaw is obsolete. The movements of the jaws appenr 
to have been chiefly committed to the masseteri(? and i)te]yo’oid 
nuisclos. The zygomatic arch, which extends from the s([namosal 
to the premaxillary, is very broad below the orbit, and is traversed 
externally by a ridge indicating the powerliil origin of the inas- 
setcr. The antorbital vacuity and the maxillary ile]>ression, 
bounded externally by the two roots of tlie zygoma, are larger 
than the orl)its : the front root of the zygoma is formed by a 
combination of the fnnital, lacrynial, maxillary, and malar bones. 
The slender extremities of the ])remaxillarics terminate on tiearlv 
the same transverse line ^vith tlie back part of the broad nasals. 
These are bent down anteriorly, so as to form the sides of tin; 
external nostrils. The deep sockets of the rootless teeth form 
protnheranccs at their bases, where the osseous case l)eeom(s 
absorbed, converting the socket into a canal o[)en ;it botli ends, 
the pei\sistent matrix of the tooth being attached to the peri- 
osteum, and protected by the contiguous soft j)arls. In all flic 
Rodents with tin? wide antorbital vacuities, the I’orc? ])art of the 
massetor takes its origin Irom the faeial hones anterior thereto, 
an<] traverses the vacuity in its ohliquc course beneath the fore 
j)art of the zygoma, to expand and blend with the normal i)art of 
the masseter. 

The lower jaw is modified for the lodgement of the ])air ol* 
long, curved, sealpriform incisors, the sockets of which may 
extend to the middle (Hare) or even to the hind ])art (Reaver, 
I?orcn[>ine) of the ramus: in the latter ease the promiiKUit inn^*r 
wall curves heneath the molar alvev>li and forms, as in figs. 

241 , 242, r, the lower part of the horizontal ramus. The condyle, 
erovvuing this, rises usually high above the grinders; it is lowest 
in the Chipybara and some Cavies : in all Ivodeiils the condy le 
is convex transversely and extended longitudinally. The chit f 
work of the teeth being by horizontal movenumts to and fro, all 
that part of the ascending ramus serving for the implantation ol* 
tlie masseter is expanded, while that for the temporal muscle is 
reduced, so that the ^eoronoid’ process is very small, and may 
be a mere tubercle (Lat/omf/s), while the angle of tlie jaw usually 
forms th(i whole base of the ascending ramus, projecting Ix'low 
its fore part, angularly in the Hare, ilg. 23.4, a; and behind its 
hack part, extensively in Cavies, fig. 234, and Voles, fig. 
241, rt. In most of these it is long and pointed ; but is obtuse 
and eoinpres'sed in Dolichotis: it is subquadrate in Squirrels, 
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Eats, Marraots. In many Eodents the angle is extended ott to- 
ward and subsides, advancing, as a ridge upon the outer side ol' 
the horizontal ramus, as in fig. 242 : in Ct.momys the breadth of 
tlic mandible exceeds tlie length. Most Cavies show, also, the 
external ridge noted in the Capyhara’s jaw, below the molar 
series. The u])per ja^v is similarly modified in relation to the 
masseter, e.g., in those Rodents which have the fore part of the 
niuscle passing through the wide antorbital vacuity, to its peri- 
pheral ridges. 

C. Bones of the Limbs , — In this extensive and ubiquitous order, 
which ineludes three-fourths of the known si)ecies of Mammals, 
some have limbs giving power in ruiiuiug, some in swimming, 
some in burrowing, some in leaping, some in climbing, and a few 
show modifications in relation to parachutc-likc expansions of 
integument for a kind of flight. 

In the Hare, fig. 229, the scapula is long and narrow, traversed 
externally by a spine extending into an acromion at an unusual 
distance beyond the glenoid cavity, and there developing a retro- 
verted process ; the cora(;oid is compressed and introverted. The 
clavicular ossicles are freely suspended, allowing full swing to the 
fore-limb. 1.4ie humerus, long, slender, and sigmoid, has a large 
intcrcondyloid vacuity. The radius and ulna are in close contact ; 
the latter is grooved for the reception of the radius. Their gingly- 
nioid joint with the humerus restricts the movements to one plane. 
The carpus has the ^ os intermedium,’ fig. 191, .s'. There are five 
digits, llie iuiu'rmost very short, though with tlie normal number 
of phalanges. The fore limbs arc relatively shorter and stronger 
in the burrowing Rabbits ; the ungual ])halanges are less com- 
])resscd, and afford a closer attachment of the broader claws by 
being cleft on the upper surface. In all LeporhlcE tlie ilia arci 
long and subprisinatic where they articulate with the sacrum, the 
joint being limited to the first vertebra, fig. 245, a, h. They 
extend in advance of this on each side the last lumbar, ib. r/, ex- 
panding into a crista, c, which is rough and slightly everted: the 
ilia form with the lumbar scries an angle of 165°, fig. 229. The 
ischia have a ])roccss, fig. 244, c, above the terminal tulierosities : 
the pubic, liones are long and slender, meeting at a long symphysis 
proiluced into a ridge, /’: there is a ‘ pectineal ’ process, d, near the 
acetabular end of the pnbis. The ilio])nbie angle is aboiit 120°. 

The femur has a tiiird trochanter near the base of the irreat 

o 

one. The inednllary artery pierces the inner side of the ])roxiinal 
third of the bone, and the canal extends downward. The fibula, 
is ancliyloscd along its distal half to the tibia: its proximal end 
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projects beyond the tibia, and a ‘fabella’ is wedjvod between it 
and the outer condyle of the femur ; there is a siinihir sesanmid 
behind this condyle, and a third behind the inner coiidyle. The 
patella is ossified. 

The tarsus shows the iiavicularc, astvao-alus, calcancum with a 
long lever: the meso- and octo-cuneifonii hones, and the cuboid. 
There is a supideniental ossiede l)e- 
ucath the astragalus. The navieu- 
larc has a large process. The imrtM’ 
digit is wanting, and the hasc of the 
inetatarsal of the second is extended 
backward, like an cn toe unciform, to 
join the navieulare. 

In the Ilarc-like Cavies of South 
America {Das-j/procta) the clavicles 
are represented, as in the Hares, 
l)y slender ossicles : the su])ra- and 
inFra-s[)inal fossic of tlie S(‘.apnla are 
ol‘ eijual depth : tluj liiinKuais is pen*- 
forated between the condyles: the 
radius and ulna liave liecouie anehy- 
losed, reducing the interosseous s|)aco 
to a uarrow cJiiiik near their j)roximal 
etids in the Acouchv : in an Airouti 
I loiind this conflnence not eom])lete. 

The fore foot is pentadactyle. The 
first row of carpals is formed by the 
scajdioluiiar, tlie cuneilbrin, and a large ])lsilbrin. Tliere; is an in- 
lermodiuni’ hetween the os magnum and trapczoidi.'s. The pollex 
IS shorter in the Agouti than in tlie Acoiichy. Tlie fifth fingen* 
is much 1‘educed iu size, but has tlie norinal number ol* phalanges. 
I he ungual phalanges are notidicd at their a])ex. ddie femur 
gives a feeble indication of the third trochanter at tlie middle of 
its outer side. The tibia and lilmla are distinct ; a fahella is 
attaelied to each femoral condyle. Tlie foot has but three digits, 
riic long eiitocuiieilorm bone lias eoa]cs<*ei) av ith tlie inner side of 
the metacarpal of tlie second toe — I km’c tlie innermost. The 
supplementary ossicle crossing the artiiudation between the astra- 
galus and seaphoides is present. There is a distinct sesamoid 
beneath the joint of the cuboid Avitli the external metatarsal (iv): 
both the navieulare and cuboid send strong processes to the 
plantar side of the tarsus. Tliere are trochhiar sesamoids liencath 
the iiietatarso-plialangial joints ; the ungual phalanges are notched. 




ANATOMY OF VEUTEliHATKS. 


.‘J86 

Tn tlie prolific Guinca-Plg, the pelvis, fig. 24o, is long and 
laterally compressed, tlie passage being iniicii narrower than tlie 
diameter of the head of the mature fa'tiis. Prior to j)artiiri- 
tion the synijiliyslMl ligaments become soft and extensile, and the 
inuominala, gliding on the sacro-iliac joints, diverge at the sym- 
physis to the extent sliown in fig. 24G during parturition. After 
this prt)cessthc symphysis ([uicldy returns to its former or normal 
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state, and in a tew days presents only a little thickness and 
mobility. The young of the Guinea-Pig arc far advanced at 
birth, some of the deciduons teeth are slied m utero, and they 
rim about and licgin to eat soon after they see the liglit. 

In the Water-] log, .or Capybara, there is no eomjilete clavicle. 
The acromum is long and slender, and bifid at its extremity, witli 
tlio long(a' di\ ision directed downward. The humerus is widely 
perforated between tlie condyles, but not above the inner condyle : 
both this bone and the ulna are solid. The scaphoides and Innarc 
arc connat(\ Tin' poUex is wanting in the fore feet, and both 
the hallux and the fiftli toe are wanting on tlie hind. feet. The 
ungual phalanges ai-o short, obtuse, and hj’oad. 
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The Beaver, fig. 230, is a member of that great division of the 
Kodeiitia in wlikli the clavicles are comjdete : the aciromion sca|nilie 
bends toward and joins that bone. In the humerus tlie deltoid ridge 
has a tuberosity: both the intercondyloid space and the internal 
condyle are imperforate: a coarse cancellous sfrueture occupies 
the middle of the shaft. The radius and ulna are distinct. The 
femur shows the slender neck and lofty trochanter common to 
most liodents ; it has a third tococlianter, and has no nKidullary 
cavity. The r<»tular surface is distinct from that of the condyles. 
A se(dion of the tibia and fibula also sIioavs tlie absence of that 
cavity, and the complete confiuence of the compact walls of th(^ 
two bones at the lower third of the filnda. The j)rojecting ])art 
of the calcaneum is depressed. The toes are longei* and stronger 
than the fingers, they su|)port a broad foot which is nebbed, and 
the se(!ond toe has a double oblique nail or Inoad (‘law. 

In our Water- Voh^ { Arvirola am'phibln^ the acromion of the 
s(!a|)iila is long ai)d bent downward; its inferior ])ro(!ess is feebly 
developed. The deltoid process of the huincrus is jn'ominent 
and well-defined, compressed, and bent downward. 11iere is 
a minute perforatlcni between the condyles, but none above the 
inner one. The bones of the fore-arm are in (^mtact and 
(‘losely united, except at the narrow space near their proximal 
ends. The |)ollex is represented by its metacarjial bone. The 
femur has a third trochanter, with two })atelhe in front of, and tw^o 
fabelhe behind, the condyles. I have found, also, a small ossifi- 
cation at the anterior end of each semilunar cartilage. The 
fibula is anchylosed to the tibia at l)oth its extremilies, '^^Fhe 
eutocunciform is long, and a})plied to the inner side of the base 
of the second metatarsal, but it supports a shoi’t metatarsal with 
the first and ungual jihalanx of its proper digit, the hallux. 

liodents buri’ow chiefly for concealment, rai-ely foi* food : 
the liabl>it needs but a^Iight modification of tlie limbs, as com- 
pared with the surface-dwelling Hare, to excavate, in loose soil, 
its retreat. Ihnhaps the ‘ iloie-Kats ’ of the (^ajie are the liest 
burrowers of the order. In Batht/m/m the upper border of 
the scapula describes an open angle: its outer surface is nearly 
equally bisected' by the spine, which rises to an unusual height, 
and sends off a remarkalily long sub trihedral acromion, the (?x- 
tremity of which appears as a thick opi|)hysis bent tow'ard the 
long and strong clavicle with which it articulates. A well- 
marked deltoid [iroccss stands out from the middle of the shaft 
of the humetus, which is iinjierforatc at its distal end. The 
olecranon is unusually thick and expanded. The femur shows :i 



882 ANATOMY OPsiVEETEBBATES. 

'V- 

riidiinent of a tliird trocluintcr. The fibula is anch}dosed to tlie 
til)ia. A remarkable accessory ossicle, articulated* to the tarsal os 
iiaviciilare, projects luward like an accessory or sixth digit of the 
hind foot. As in other burrowing animals, the lumbar and pelvic 
regions are narrow. 

In the Marmot (Arctnnii/s) the clavicles are complete and 
strong. The acromion is long and bifurcate, the anterior division 
curves to the (davicle. The humerus shows a thi(;k, but not pro- 
minent, deltoid ridge: it is perforate between the condyles and 
above the inner condyle. The antibrachial bones admit of 
rotation. In the femur there is a rudiment of the third tro- 
chanter : the tibia is not confluent witli the fibula. In all tbc 
Ivat-tribc the clavicles are ciifirc: the distal part of the fibula 
coalesces with tbc tibia. lu the Hlack Eat rf/ttus) the 

deltoid ridge is angular, and commences near the n])|)cr cud of 
the humerus, wbi(‘h is iinjmrforate at the lower extremitv. A 
strong ridge rcjn-cscnts the third trocliauter of the femur. There 
Is a fab(dla behind each condyle. In an Australian Eat (Hapa-^ 
lotis alhipcs) the humerus is ])erforated l)etweeu the condyles. 
The radius and ulna are moveably united. There is a third 
trochanter in the femur. In the Ht/dromf/s the deltoid ridge 
jwojccts from the fore ]>art of the proximal half of the humerus, 
and is promiiieut below. The hmuerus is imperforate. The ulna 
sends a process to abut against the radius across the middle of 
the interosseous s|)ace. Tlic fore foot is ])cntadaciyle, but the 
])ollex does not exceed tbc length of the metacarjms of the 
index. The femur has a third trochanter and a fal>ella l)ehind 
each condyle. The hallux extends to the second phalanx of the 
next toe. The strength of the hinder half of the skeleton, with 
the size of the hind extremities, contrasts Avith the slenderness of 
the fore ])art in most Eats, and especially in this large Australian 
afpiatie kind. 

Among the leaping Eodents the following noteAVorthy cha- 
racters of the limb-bones arc seen in the Great Jerboa of the 
Cape {Kfdawijs). The loAver costa of tbc scapula forms au acute 
angle Avitli the base, and the iufraspiiial fossa is much broader 
tlian the supraspinal one, llie sjfmc of tlui scapula (‘urviug toAvard 
the upper angle. The acromion is moderately long and slender, the 
tuberosity ansAveriug to the loAver division of that in the Caviadat. 
The claviedes are strong, and curved backAvard at their outer half. 
The humei-us is |)erf()rated at tlie iniiej- condyle, luit not between 
the condyles. The bones of the fore-arm have a long and Avide 
interosseous Si)ace, and allow ofTrcc pronation and supination. The 
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haiicl is peutadfictyle, and the whole anterior extremity nmeh 
sliorter than the posterior one. The iliac bones extend upward 
considerably above their junction with the anterior sacral verte- 
bne, and curve outward. The tuberosities of the isehia are un- 
usually developed. The obturator vacuities arc very extensive, 
the size of the pelvis according wntli that of the hinder extre- 
mities. The great trochanter is of unusual length, is cxj)anded 
and slightly bent at its extremity. The fossa upon the neck of 
the femur is unusually deep ; there is no third trochanter. The 
medullary artery enters on the inner side of the base of the 
small trochanter. The slender fibula coalesces with tlie lower 
third of the tibia, but both its extremities are free, and the lower 
one is detached, as in the Chevrotain, frmn the rest of the bone. 
1"hc calcancum, astragalus, and cuboid are all remarkable for 
tlieir length : the scaphoid sends a long and thick process down- 
wiird and forward to beneath tlui middle cuneiform and the base 
of the inner metatarsal. There arc four distinct metatarsals and 
four toes. An oblong ossicle, attached to the inner side of the 
l)asc of tlie inner metatarsal, may be a rudlnicnt of the metatarsal 
of the hallux. 

In the Smaller flumping Mouse i^Dipua Safjifta)^ fig. 232, may 
be noticed tlie large size of the ischium, as compared with the 
ilium, and the coalescence of the metatarsals of the three middle 
toes into one bone, m, as In Birds. Both hallux and little toe are 
wanting. The lower half of the slender fibula is auchylosed to 
the tibia. 

The climbing Squirrels (Sciurufai) have four digits on the fore 
foot, and five digits on the liliid foot, conversely to the Ihkimys, 
All possess complete collar-bones. In Sciurm maximus the 
aiaoinion is bent almost at right angles with the spine of the 
scapula, and it terminates in three |)rominenccs : the iMiracoid is 
unusually long. The humerus is perforate above the inner 
condyle, but not between the condyles. In the femur the small 
trochanter is unusually prominent: there is also a trochanterian 
ridge belinv the base of the great trochanter. In the Grey 
Squirrel {Sc. cmertms) the scapula is remarkable for the num- 
ber and strength of the intermuscular crista'. : of these, that 
which is commonly called the ‘spine ’is the largest, its breadth 
being equal to that of the infraspinal fossa: this fossa is hounded 
by a second ridge, formed anteriorly by the outwardly bent 
lower costa, but being distinct from tbe costa at its posterior 
third. The two princijial masses of tlie ^ subscapularis ’ muscle 
arc divided by a longitudinal crest, like the spine, rising from 
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the inner mii-Facc of tlie scai)iila. Botli the acromion and coracoid 
are well developed. 

The humerus is j)erforatod above tlie Inner condyle : this is a 
tuberosity whigli a])pears to be.su])ported by four coiivorodng 
columnar ridges or processes. The deltoid ajid supinator ridges 
are ^vell inarhed. The shaft of the ulna is much compressed: its 
distal portion coalesces with that of the ratlins. In the carpus 
an accessoiy ‘ intermedium ’ is wedged between tlie scaphoid and 
trapezium. The bones of the pollex support the tubercle that 
outwardly represents that digit ; the Squirrel’s favourite nut is 
mainly lield between the ‘ thumb tubenrles’ when operated on 
by the chisel-tet^th. In the pelvis the epicotyloid tubercle is 
strongly devidoped : tlu^ ilia articulate with the first sacral ver- 
tebrae exclusively, but the ischia abut against tlie long transverse 
|)rocesses of tlie first caudal : beyond this vertebra the ischia 
develope on each side two tuberosities, one at the usual place, 
tlui other and stronger one near the lower end of the symphysis. 
The femur shows an almost equal (levelo[)ement of tlie three 
trochanters, 'fhe medullary artmy enters on the inner side of 
the shaft, just below the small trochanter. 

The tibia and fibula coales(*e distally. There is an iuter- 
articular ossicle in the knee-joint; a patella; and two fabelbe, 
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one b(‘hii.ul oaeli femoral condyle. In the tarsus an 
accessory ossicle is wedged between the calcaneum> 
astragalus, uaviculare, and entocunei forme. 

riie little Flying S([iiirrel (/‘Vc/7>»///,v /.’e/z/cc/A/), fig, 

247, is chictly romarkahle for the long and strong accessory carti- 
lage, a, projecting from the ulnar side of the carpus, whiki auls 
in sii|»])orting the lateral f 4d of integument serving as a para- 
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chute to sup])ort this light and delicate species of Rodent, 
fig. 154, in its long flight-like leaps from bougli to bough, in- 
creased stiffness and resistance are imparted to tlie bones of 
tlie arm by the anchylosis of the radius, 54 , and ulna, 55 , at 
their distal halves. The tibia, 66, and fibula, 67 , are similarly 
united. 

There arc few generalisations deducible from the limb-bones of 
Ilmlenti(u The absence of clavicles accords, in the main, 4vith 
natural groii])s ; but Lfujointfs is an exception among Lcporida* 
and ClihidiiUa among Ih/striddau Wth. : most non-claviculatc 
Rodents have the tibia and fibula distinct. 

Among the bones of the splauchnoskeleton may be noted the 
^os ]>cnis,’ which is present in most members of the Rodent 
order. 

§ 182. Skeleton of Tnsfctwora. — The ])rcsent like the ])rocedIng 
Ijisscncephalous order has species organised, not only, as in 
llcdgehogwS, for ordinary tcnx^strial progrevssion, l>iit also for Jeaj)- 
ing and SAviuimiiig, and in a more especial degree for burrowing 
and flyiug. 

A. Vertfihral Column. — In the lledgcliog the vortel)ral Ibr- 
nnila is: — 7 cervical, 15 dorsal, G lumbar, 3 sat*ral (or r. 5, s 4), 
and 14 caudal. 1’he transverse processes of the last (‘crvical are 
not perforated. All the ])rocesses arc small tliroughout the verte- 
bral (‘oliimn, and offer no impediment to the frc(j inllection of the 
spine recpiired in the defensive array of the |)rickly integument. 
The sacrvnn is narrow and articulates by thrcje vertebraj with the 
ilia: these form an angle of 130^ with the S])inal column : the 
illo-pubic angle is about 150'': the symphysis is sliort and the 
pelvic outlet large. The neural canal is widest in the cervical 
region, contracts towards the middle of the back, and exi)ands a 
little in the loins. Seven pairs of ribs directly join, by liicma- 
])ophyses often ossified, the sternum, winch consists of four l)ones. 
The cancellous structure of the vertebrie is light and open. 

The Tonrecs {ConMcs) have 19 dorsals with 5 liiml)ar ver- 
tebne, and the neural spines arc longer on the anterior ones and 
the contiguous cervical vertebne, in relation to the larger skull 
and more powerful jaws of these tropical 1 ledgcliogs. 

In the leaping Ma<;roscelid<f.s, witli fZ 13, / 7, the neural spines 
of the hinder dorsal and lumbar vertcbrie are longer, and, Avith 
those anterior to them, Indicate ‘ a centre of motion ’ of tlie trunk. 
The caudal vertebra? are more numerous and have haemapophyses 
in part of the se^ries. This part of the skeleton is also Avell deve- 
loped in the climbing Tupaias. 

VOL. II. • 0 c 
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In the burrowing Mole, fig. 248, the first sternal bone, or 
manubrium, is of ujuisual length, being much produced forwaid, 
and its under surface downward in the shape of a dee[) keel for 
extending the origin of the ])Cctoral imiscles. Seven pairs oi 
ribs directly join the sternum, which consists of four bones, in 
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addition to the manubrium and an ossified ensiform ajijicn- 
dage. The neural spines, which arc almost obsolete in the first 
eight dorsals, rapidly gain length in the rest, and are antro- 
verted in the last two dorsal vertebrae The diapophyses, being 
developed in the posterior dorsals, determine the nature of the 
longer homologous processes in the lumbar vertebrie. In these 
the neural spines are low, but of considerable antero-postcrior 
extent: the diapophyses are bent forward in 
the last four vertebrfc: a small, detached, 
wedge-shaped hypapophysis, fig. 249, c, a, is 
fixed into the lower interspace of the bodies 
of these vertebra?. 

The ossa innoininata have coalesced with the 
sacrum, fig. 248, .<?, but not with each other, the 
|)ublc arch, G4, remaining open. The bodies of 
the sacral vertebra? are Idended together and 
arc carinate below: their neural spines have 
coalesced to form a high ridge. The acetabula 
look almost directly outward. In the cervi- 
cal series tlui odontoid process shows a sharp hypapophysis : 
the neural spine of the dentata, fig. 249, A, 2, is large and ex- 
tended back over the third vertebra: the neural arches of this 
and the succeeding vertebne form, above the zygapophyses, thin 
simple arriies, without s})ines; the transverse processes of the 
fourth, fifth, and sixth cervicals arc ju’oduced forward and back- 
ward, and ovcrlaj) each other, ib. 4— g : in the seventh those 
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processes are reduced to tubercular diapophyses which are not 
perforated: the bodies of the vertebraa are depressed and quadrate, 
ib. 15. 


2 ; 1 () 


Among the volant Insectivora tlie vertebral foriniila, in Vc's- 
pertilio nmrinuSy gives — 7 cenical, 12 dorsal, 7 lumbar, 3 sacral, 
and 12 caudal. The chief characterl.stics of tlie tnink-skeleton in 

[>ats arc : -the gradual diminution of size of the s])inal column 

from the cervical to tlie sacral regions; the absence of neural 
sfunes, a keeled stormim, and a feeble slender 
pelvis. In a frugivorous Ihit {l^cropm f un- 
cus, Hg. 156) 1 find the following vertebral 

formula: 7 cervical, 11 dorsal, 4 lumbar, 

and 6 sacral. The keel of the large inann- 
brium sterni is produced into a process at 
each angle: the three succeeding sternal 
bones are carinate : seven pairs of* ribs di- 
re(*tly join the sternum. The narrow sub- 
cylindrical ilia, fig. 250, a, coalesce with the 
sacral vertebra?, and are parallel with the 
spinal column : the pnbis, ib. h, is continued in a line with the 
ilium to the sym])liysis, 
ib. c, which is but slightly 
closed in the male, and 
remains 0 })cn in most 
female Bats. There is a 
‘ pectineal’ process, ib. k, 
in Pferojms, The ischium, 
ib. d, joins the last sacral 
vertebra and defines a 
sacrosciatic foranieu. The 
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acetabula look backward (dorsad) as well as outward. 

B. T/ic Skull — This, in Pteropus and (hdcopUhecus, fig. 253, 
manifests the lissenccjihalous affinity by tlie siiuamosal being per- 
Ibrated by a venous canal behind the rot)t of* the zygoma, by the 
suspension of the malar, 2 r>, in the zygoma, by the distinct petro- 
tympanic, 28 , by the vertical occiput, vSinall cranial cavity, and 
hlcTuled orbital and temporal fossie. The orbit is ]>artly defined 
behind by long and slender processes of the frontal, ib. ii, which 
is perforated by a superciliary foramen. The parictals, ib. 7, 
usually coalesce at the sagittal suture, Init rarely dcvelope a crest. 
The occipital condyles, ib. 2, are terminal, and the plane of the 
foramen is vertical. The basioccipital, i, is a subquadrate plate. 
The laerymal, ib. 73, is in great jiart faiiial. The palatines, 20 , 
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are entire. In Pteropus tl\e palatal processes of the maxillary, 21, 
show a long tissurc : tliose of the premax illaries, ib. 22, are divided 

by a triangular ‘ fora- 





men incislvum.’ The 
mandible lias a broad 
and higli coronoid ])ro- 
ccss : the angle is 

ro 11 n ded . 1 n Ga Imp /- 

thecHs the coronoid is 
small. 

In the cranial cavity 
the rhincnccphalic fossa 
is large and well de- 
fined. The petrosal 
shows a deep cerebel- 
lar fossa, ovenirchcd by 
the verti(*al semicircular 
canal. The ‘ sella ’ has 


Skull of clirioid processes. 

In most insectivorous Hats the occipital condyles are sid)- 
tenninal, the uperoccipital, fig. 254 , 3, sloping backward, and 
253 contributing to the crista 





continued forward by 
the interparietal and 
parietal bones. The oc- 
cipital foramen is very 
large. The mastoid, 8 , 
is large and distinct, 
giving attachment to the 
tympanic, 28 . Thebasi- 
s[)henoid is broad and 
flat as in Ptaropus^ tig. 
252 , 5. The frontal has 
no postorbital process. 
The zygomatic parts of 
the sipiamosal, 27 , and 
malar, 20, are slender. 
The premaxillaries are 
very small : in some Bats 
they are wanting {Bid- 
nolop lius\ or are repre- 


tskuL of oaiooi.ii neons. SGiited hj Separate moie- 


ties attached to the fore-part of the raaxillarics. The mandible 
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has the angle usually produced, fig; 254, a. The malleus and 
incus arc rinited ; the crura of the sta 3 )cs are long and slender. 


The skull of the Mole {JTalpa^ tip 255) is siilxlepressed, 
j)yrifi)nn, large he- 
iiind, tapering to the 


fore-part, which is 
])rolonged by the 
prenasal ossicle, iu 
The outer surface 
of the cranium is 
smooth and devoid 
of* crests : it is re- 
markable for the 
extension of the 
snperocci])ital upon 
its up])cr j)art, and 
for the expanded 



SKiiU of R'lt 




niastoids. The very slender zygomata show no distim*! malar 


bones. 'Die petrosal is largely and deeply ex(‘avated by the 


cei-ebellar fossa. 4'he rhi- 
neri(?o])halic fossa is large 
and well defined. The basi- 
occinital and basis[)henoid 
arc tliick and of* a fine 
spongy texture. The orbit 
is no way defined from the 
tcnijioral Fossa : tlic antor- 
l)ital foranien Is larn.’C. In 
the Cape Mole ( Ciinjsoclilo- 
vis) the craninni resembles 
tliat of the bird in its thin 
smooth convex walls, its 
great transverse and verti- 
cal diameters, its allocation 
at the back of the skull, and 
by the transverse crest ex- 
tending, as in some sea- 
l)irds, from one mastoid, over 
the vertex, to the other. 



The base of the zygomatic - m i-i.in.-d 

process of the s([uamosaI is 

dee])ly excavated anteriorly, and the zygomata converge, straight, 
to the maxilla. ^Some feJhrevvs {Awphisorex) have no z}\goinata. 
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In the Hedgehog the squamosal is traversed by a vertical venous 
canal. The malar is applied, like a splint, along the outer and 
nnder side of the junction of the zygomatic with the maxillary. 
The cranial cavity shows the rhincncephalic compartment to be 
nearly equal in size Avith the cpenccphalie one : the petrosal is 
imj)ressed by a cerebellar fossa. The nasal passage terminates 
behind in a liemispheric excavation of the basis})hcnoid ; and 
this bone expands outwardly to form the floor of the tympanic 
cavity. Iliere arc two oblong vacuities in the palatal bones. 

In the Gf/mnura the bony palate is entire. The premaxillaries 
join the anterior half of the nasals. The lacrvmal perforation is 
in a small fossa at the fore-part of the orbit, which is not defined 
from the temporal fossa. The zygomatic jn-oc^ess of the squa- 
mosal is long and slender, joining that of tlio maxillary. The 
basis] dienoid ex])ands to form tlic floor of the tymj)anic cavity. 
The superoceipital and ])arietal (‘rests arc well dcvelop(Hl. 1^110 
jiterygoid is pierced lengtlnvise by an ectocarotid canal. 

C. Bones of the JArnhs . — All the Insectivora have perfect 
clavicles. The scapula of the Hedgehog is almost as long as the 
humerus; the acromion is bilobed: the coracoid produced and 
thick. The humei-us is perforated between the condyles. The 
antibrachials are distinct, but closely connected together: the 
ulna being the larger and more compressed. The carpus consists 
of a scapholunar bone, a euneiformc and large pisiforme, a 
trapcjzium, trapezoides, magmini and iinciforme. A sesamoid is 
attached to the (nitside of the base of tlic metacarpal of the 
digitus minimus. Tlie fibula (Coalesces at its distal end with the 
tibiti. The ectocuneiform and cuboides are elongated. The foot 
is peiitadactyle and |)lantigradc. 

In Amphisorex the radius and ulna are closely united, and the 
fihula ap])ears as a slender process jisccnding from the middle of 
the tibi<a. In the proboscidian Shrew i^Uhipu'hocyo'n) the pollex 
is wanting, and the iitth digit has but two plialanges ; but the 
index, medius, and annularis present the normal number of plia- 
langes supported <)n long metacarpals. Besides the usual eight 
carpals, there is an ‘ intermedium ’ between the scaphoid,* trape- 
zium, trap(.‘Z()ides, and magnum. In the bind-foot there is a 
rudiment of the metatarsal of the first toe, and the fifth has the 
usual n umber of phalanges.^ 

l.Iie Moles exliibit the extremes of modification of the forc-lirnl) 
in relation to tin* |K)vv(m* of making iwogress in earth. In Toipa 
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caropma the scapula, fig. 256, 52, combines ornithic proportions 
Avitli unusual strength ; its length exceeds its extreme breadth 
by six times : it is trihedral, save at the middle, nhich is cylindri- 
cal: tlie spine is co-clongate, and develo|>es an acromion liga-. 
mcntously connected, for freedom of 
movement, with the clavicle. This 
])onc, il). 58, is cubical — an unique 
form in Vertebrata. The humerus, 
fig, 256 , 53, fig. 257, is a sub- 
(jiiadrate, larnelliform bone, Avith a 
proximal articulation for tlic clavicle, 

58, as well as for the scapula, />, c. 

The inner tul^erosity savcHs out with 
the deltoid, rf, and pectoral, ridges 
into an enormous convex crest, divi- 
ded by a short and de(ip emargina- 
tlon from the inner epicondylar pro- 
cess, /, the base of Avliich is ])crfor{itcd by the median nerve. 
The outer tuberosity, t, is produced and unciform ; and a long 
and deep einargination divides it from the i*etroverted produc- 
tion of the radial condyle, c. This condyhi ofiers a convexity 
to the head of the radius, fig. 257, 54. The olecranon, fig. 
257, 55, expands transversely at its extremity, and the back part 
of the ulna is produced into a strong ridge of bone. The 


255 



257 



lluiiH-ni.s and its ouuicfUon.s Alok? : 


carpus, fig. 258, consists of the usual eight bouos in tAVO roAA^s, 
viz. ‘ scaphoid ’ s, Inuarc /, cuueifilrme c, pisiforme p ; trapezium 
trapezoides, magnum ?//, unciforme w: with an ‘ intermedium,’ c, 
and a second saln’c-shajjed accessory ossicle at the radial side of 
the car 2 )us. The ungual phalanges arc bifid. 
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Ill the Cajic Mole i^Chrysochloris) the clavicle is long: the 
humerus is short and arcuate, with a single proximal articulation. 
The radius and ulna coalesce. The carpus consists of a scaphoid, 
usually confluent witli a trapezoid, fig. 259 , .v, t\ a lunare, of 
small size, articidated to both radius, 54, and ulna, and present- 
ing the opposite and larger surface to the magnum, ni ; a still 
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Flint's (if llio f()io-L(.jt;i., Mole: in:i«u. Itnnos of Flic fon' fdot, Clirifsorhlnria: inngn. 


smaller cimciforme ; and a pisiforme, p, in the form of a long 
subcylindrical bone extending from the carpus to the humerus, 
and simulating a third antibrachial bone. On the outer side of 
the magnum, /«, is a small unciformc supporting a rudiment of a 
fourth metacarpal. The functional digits are but two : the pol- 
Icx is rc])resented by a mctacar[)al and two short phalanges, tin', 
second l)eing stylifonn, i : the index, u, consists of a short meta- 
carpal, a phalanx representing the first and second conlluen^, i, 2, 
and a larger ungual |)halanx, a, cleft at the end. The medius, 
111, is of monstrous j)roportions : its mctacar]>al is broader than 
long, to which articulates an enormous ungual [)halanx, ui, bifur- 
cate through the depth of the terminal (deft. A metacarpal re- 
presentative of* the fourth digit, iy, is firmly articulated with, and 
strengthens the base of, flic third digit. 

The volant Insectivora are as remarkable for the length and 
slenderness of the arm- and finger-bones, as the fossoVial species 
for the opposite proportions. The Common Bat ( Vespertilio 
inuriHus) has long and strong bent clavicles: broad scapulie : 
elongated humeri : still more elongated and slender radius and 
metacarpals and [)halangcs ol the four fingers, Avhicli arc without 
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claws, the tliimib being short and jn’ovidcd with a claw : the 
|)elvls i>s small, slender, and open at the })iibis: the fibnla is 
absent, like the ulna in the forc-arni: and a Jong and slender 
styliforiu appendage to the heel hcl[)S to sustain the caudo-fonioral 
membrane. 

In the friigivorons Bat {Ptorojms, fig. lofi) the clavicles, 5^, 
arc long, arched, and very powerlnl. The huinerns, 53, is long, 
slender, gently sigmoid. The ulna, 55, is slender, and terminates 
in a point at the lower tliird of the radius, 54 : the olecranon is a 
detached sesamoid ossicle. The index, ri, has a claw as well as 
the pollex, I : the ungual jdialanx is wanting in the other three 
digits, in which the second phalanx is long, slender, and termi- 
nates in a point. The femur, f>5, is straight, half the length of 
the humerus : the tibia, 06 , is more slender, rather longer than 
the femur: the fibula is in the form of a slender style ascending 
from the outer nialleolns and terminating above ifi a point. The 
inner digit of the foot, /, is a little sej)arated from the other four, 
c, which arc of ccjual length, and ungniculate for suspending the 
body. 

In the Colugo (^GaleopHhecuis) the ulna terminates in a poijit 
at the lower fourth of the radius: all the fi\o digits of the hand, 
like those of the foot, have claws supported on dec]) (Compressed 
ungual ])halangos. 

Amongst the most remarkable bones of the scdevoskeleton is 
the ossification of the raplni ])etween the lateral masses of the 
muscles of the ua])c, foriniiig a styliform bone eoextenslve with 
the cervical vertebi’;e, in the Mole. The ])atella in the triceps 
extensor cruris, and the fahelhe in the tendinous origins of the 
gastrocmemii, arc present in most Insectivoi-a, '!i1ie os penis is 
also found in this order. 

§rl83. Sh<d(t()n of Brnta , — A. Vn'tvhral Cohiiiin. In the 

loricate or Armadillo family this is remarkable for the pre- 
valence of anchylosis in unusual [)arts, e. g. the cervi(!al rc^gion, 
and* throughout the dorso-lnmbar regions in the great extinct 
(jlyptodonts, which have their cuirass in one piece. 

In the Nine-banded Armadillo {J)asy])m Beho, fig. 2()0), the 
vertebral formula is: — 7 cervical, 10 dorsal, 5 lumbar, 8 sacral, 
and 16 caudal. The spine of the dentata Is c,()m|)resscd, lofty, aiul 
devclopecl backward beyond those of the third and fbnrtli ccrvicals, 
with which it has partially coalesced : a corres])onding coaIc.sceiK'.c 
has taken place between the bodies of these vertebnc, which arc 
unusually brpad and fiat below. The diapophysial part of the 
transverse processes of the last cervical abuts against the tuljcrclc 



Armadillo. 


Avurd ill Iroiit of the same rib. The last three cervieals, ib. c, 
have no spinous processes ; that of the first dorsal rises to a 
considerable height, and those of the remaining dorsals, D, and 
lumbar veriobne, L, attain the same hoi’izon-tal line. The inota- 
pophysis is first fully dcNclopcd upon the seventh dorsal, and pro- 
gressively elongates to the last lumbar, fig. 261, m: it presents 

an articular surface at the 
under and fore [lart of its 
base to be articulated with 
the anapophysis of the ante- 
cedent vertebra. The ana- 
pophyses increase in thick- 
ness rather than in length in 
the succeeding vertebra), and 
upon the last dorsal present an 
articular surface at their under 
part for connection witli a pa- 
rapophysis, ib. p. These ac- 
cessory joints coexist witli the 
ordinary articulations between tlie anterior and posterior zygapo- 
pbyses, and there are consequently twelve joints be Ween each 
pair of vertebra), in additiou to the ligamentous one between the 
bodies of tlic vertebrie, ib. c. lliis mechanism is designed to 
gave great strength and fixedness to the vertelira) of the trunk 
in relation to the supjiort of tlic bony carapace, ib* /v, and to 
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the affording a firm fulcrum or centre to the powerful muscular 
forces - exercised by the limbs in the act of burrowing. The 
elongated inetapojdiyses have a more direct relation to the sup- 
port of tlic caraj)ace, the spinous processes rc{)resentirig the 
‘ king-posts,’ ib. and the mctapo])hyscs the ‘ tie-bcarns,’ ib. ///, 
in the architecture of a roof. The sacral vertcbrie progressively 
increase in breadth after the second, to form an extensive junc- 
ture with the ischial bones. The tuberosities of the ischia, 
fig. 260, 63 , and similar tuberosities at the fore-part of the ilia, 
fig. 277, 62 , bend outward and upward, to afford four strong 
additional supports to the bony carapace : the long diapoidiyses 
of the first caudal vertebra abut against those of the last sacral 
vertebra and the tuberosities of the ischia. Hie inetapo|)liyscs 
reappear upon the second caudal vertebra, and continue to the 
an tepen ultimate one, where they are reduced to ridges upon the 
anterior zyga]) 0 ])hyscs. Iliemal arches, with short terminally ex- 
panded and flattened spines, are present beneath tlie intervals of 
many tail-vertcbne. In Ghfptodoii the (*audals coalesce. 

The posterior dorsal ribs arc deeply excavated upon their 
external surfiice; five j)alrs directly join the sternum, which 
consists of six bones, a very small one being interposed be- 
tween tlio fourth and 'the long one supporting the ensiform carti- 
lage. 

In the Cape Anteater {Oryrteropus)^ the vertebral formula 

is: 7 cervical, 13 dorsal, 8 lumbar, 6 sacral, and 25 caudal: 

anchylosis is limited to the sacral region : tlie cervical transverse 
jirocesscs overlap each other; the costal part of the sixth is a 
broad ])late. Tlie dorsal and lumbar neural spines arc mucli 
longer tlian those of the cervical, and arc subequal : they slightly 
converge to that of the twelfth dorsal, which is vertical, indicating 
a greater extent of intlection of the trunk than in the South 
American Anteater ; increased freedom of motion is likewise 
favoured by the less complex character and mode of union of the 
vertebrae An accessory tubercle is developed upon the diapo- 
physis of the seven anterior dorsal vertebrae, which divides near 
the eighth into metapophysis and anaj^ophysls. These progres- 
sively increase and diverge from one another in the succeeding 
dorsals, and in tlie first lumbar vertebra the metapophysis pro- 
jects upward, outward, and forward upon the outside of the 
anterior zygapo[)hy sis ; whilst the aiiapophysis extends backward 
from the back part of the diapophysis, which it equals in length. 
The anajiophysis decreases in size in the following lumbar verte- 
bj ie and disa[)pears in the last ; the metapeq^hysis also decreases 
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ill size, but is contiimed ihroii^hout tlic lumbar series and along 
part of the vSaeral. Tlie sacral spines coalesce, leaving iiiterveii- 
ing foramina, fig. 262, a : the transverse ])rocesscs of the three 

anterior saeruls join the ilia, 
c, // ; those of tlie three 
] posterior (uves coalesce to 
form a broad depressed plate, 
u'itli the posterior angles 
produced, ib. />», but not join- 
ing the ischia. These have 
a long and broad tuber ischii, 
ib. h, 1. The j)ul)is, d, is 
long and slender: the ])ec- 
tincal spine, ib. A, is long the symphysis pubis is short ; the 
luml) 0 -iliac angle is 140^. Metapopliyscs are devoloi^ed from 
the outside of the anterior zygapophyses, as iar as these extend 
along tlie caudal series, viz. to the eighth vertebra ; beyond these 
the mctapophyscs arc devclo 2 )ed, independently of the ^ygapophy- 
ses, to near the termijiatlon of the tail. The iueinal ai’ches eoin- 
mence below the interspace between the second and tliird caudals, 
and are continued as far as that between the sixteenth and seven- 
teenth. Tlie neural arch disap])cars upon the sixteenth caudal 
vcrtcl)ra. 

In the Scaly ATitcater {Afams pentadactj/Ia, fig. 158), the 
transverse in’ocess of tlie seventli cervical is ])evforated : its spine 
is longer than that of the others. Tlierc are 13 dorsal vertehra*. 
The nine anterior pairs of ribs directly articulate with the ster- 


num, which consists of ten hoiu^s. Tlie tenth is of unusual 
length, and sujiports a still longer and imich-expandcd xiphoid 
cartilage. The metapophyses commenec as tubercles on the first 
dorsal vertebra, and rapidly increase in size in the succeeding 
vertebra?. The anajiophyses are not devedoped in this genus. 
There are 4 lumbar, 4 sacral, and 26 caudal vertebne. The mc- 
tapoiihyses continue to he dcvolo])ed from tlic sa(‘ral scries. The 
transverse jirocesses of the last sacral suddenly expand both in 
length and breadth, and articulate with the tuberosities of tlic 
ischia. Well-developed hamial arches are articulated to the in- 
ferior interspaces oi* the caudal vertebne as far as the penultimate 
one. The anterior zygapophyses cease upon the fourteenth ver- 
tebra, but tlic metapopliyscs are continued as far as the penulti- 
mate caudal. The neural arcJi gradually subsides and disappears 
upon the twentieth caudal vertebra, which consists of centrum, 
diajiophyses, metapophyses, and the hiemal arch. 
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In the skeleton of the Great Anteater {Myrmecopluuja juhata, 
263), the vertebral formula is: — 7 cervical, 15 dorsal, 3 
lumbar, 5 sacral, and 35 caudal. Tlie atlas is pierced in two 
places obliquely at the fore-part of the neural arch on each side. 
The axis has a transverse perforation on each side the neural arch 
anterior to the transverse process, which is imperforate. The 
transverse ])roccsses of the three succeeding ccrvicals are iinper- 
Ibrate, the vertebral artery cntcriTig the neural canal behind, and 
perforating obliquely the base of tlie neurapojdiysis, anteriorly. 
In the sixth cervical, the canal for tlie vertebral artery runs 
through the base of the transverse process. These processes are 
much extended antero-i)Osteriorly in all the ccrvicals and overlap 
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each other : their di- and ]>lcur-apophysial portions are very 
distinct in the lifth and sixth ccrvicals. The spine of tlie seventh 
is longer than the rest and truncate above ; it is much exceeded 
in antero-|)ostcrior diameter by the spine of the first dorsal. A 
metapophysial tulierclc is developed from tlie outer side of the 
prozygapoiihysis in all the live ])Osterior ccrvicals. It is placed 
more outwardly in the first and Ksccond dorsals, and gets upon the 
top of the ’diapophyses in the succeeding dorsals. In the eleventh 
dorsal the metajxiphysis begins to resume its former position, and 
developes an articular surface from its under part, which joins the 
np[)er articulating surface of the anapophysis of the preceding 
vertebra. In* the thirteenth dorsal, the metapophysis is half-way 
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between the diapophysis and anterior zygapophy sis, and repeats 
the same articulation with the anapophysis. In the last two 
dorsal vertebne, the base of the inetapophysis developcs a second 
articular >surface IVom its inner side, which j<dns a luiw or acces- 
sory articular surface on the outside of the posterior zygapophysis 
of the antecedent vertebra. This tenon-and-inortice articulation 
of the iiieta])ophysis with the zygapoidiysis on the inner side and 
with the anapophysis on the outer side, is repeated througlioiit 
the whole lumbar series. The anapophysis begins to be developed 
from tlie anterior dorsal vertebra, and even there presents an 
articular surface at its under part to join a corresponding surface 
on a parapophysis dcvclo])ed from the fore and outer part of 
the neural arch of the succeeding vertebra. In the tenth dorsal 
a second articular surface is established in the upper ])art of the 
ana]) 0 ])hyses for the inferior metapopliysial one of the succeeding 
vertebra; here, therefore, the anapojdiysis begins to be morticed 
between the jJ^^^rapophysial and metapo])hysial articular surfaces, 
wliicli surfaces continue to the antepenultimate lumbar vertebra, 
from which, forward, to the cleventli dorsfil, tlicre are sixteen 
joints between each pair of vertebrae. I>ut this complication goes 
further ; for, in the penultimate lumbar vertebra, a third articular 
surface is developed from the under and outer part of the a.naj) 0 - 
physis, which joins an articular surface on the u])pcr and fore ])art 
of the dIapophysis of the last lumbar: and this vertebra is united 
in a similarly complex manner with the first sacral vertebra, 
which would make eighteen synovial joints, in addition to those 
at the ends of the centrum, but that those between the normal 
articular processes, or zygapophyses, are now' suppressed. The 
true serial homology of the processes as ^ parapophyses,’ de- 
veloped from the fore part of the base of the neural arch to 
articulate with the undei* part of the anapo|)liyscs, is well illus- 
trated by the vertebne of the Great Anteater, as in the Mega- 
therium, in whie.h the true diapopliyses are better developed than 
in the Armadillos. 

The spines of the sacrals, ib. blend into a bony ridge ; the 
transverse jirocesses of the last three join the ischia. ITtemal 
arches articulate Avith the intervals of most of the caudal 
vertebra?. 

In the little Two-toed Anteater the dorsal plciirapopliyses show 
a chelonian expansion ; but overlap, or join by squamous instead 
of dentate sutures. 

In the Ai ( Brady pus tridactylus^ fig. 263), the vertebral formula 
is: — c 9, D 16, L 3, s 6, cv/ 11. The neural arch of the atlas is 
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perforated by the vertebral artery anteriorly, and by the cervical 
nerve posteriorly. The spines of the cervical vertobrie are mo- 
derately and equably developed. Tlic pleurapopliyslal part of the 
transverse process of the ei'^ditli cervical, fig. 20.}, a, pi, is more 
extended antero-posteriorly than in the preceding cer\icals, and 
long remains free. The plcurapophysis of the ninth cervical, 
ib. b, pi, retains its freedom, and is more extended in the direction 
of its length, but is very short as compared with the homologous 
])art, pi, of the following vertebral The slender neck and head 
of this little rib, joining tlic fore part of its centrum, occasions the 
perforated character, as in the antecedent cervical vertebra. A 



last dorsal, and ascends iijxm the base of* the prozyga])ophysis of 
tlic third lumbar vertebra. The anapophysis is also developed from 
the last dorsal and from the three lumbar vertebrae ; it is short, 
with an articular surface applied to the outer side of the pro- 
/ygapophysis of the succeeding vertebra. The spinous jn’oeesses 
gradually subside in the posterior doi-sals, fig. 264, T), and become 
obsolete in the lumbar vcrtebi-ic, l. The first pair of doi'sal ribs, 
pl, h, is anchylosed to the manubrium, j?: nine pairs directly 
articulate? with the sternum, which consists of eight bones ; these 
are compressed, and progressively increase in depth ; the hinder 
ones are divided into a Iai*ger jmsterior and a smaller anterior 
part, between which are four articular facets on each side for 
the bifurcatecl extremities of two of the ossified cartilages. There 
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is a pair of liypapopliyses on the fiftb, sixth, and seventh caudal 

vertebne. The pelvis con- 
sists of five or' six sacral 

& vertcl)ri^ coalesced w cacli 

chia, leaviug wide IschhidL. 

sacral spines are obsolete, 
and the centrums much de- 
pressed. The ilia are short 
and broad, fonning an^ an- 

chial tuberosities arc small, 
and the part jinning^ the 

llargc obtuj-atoi' fonmmia ls 

slender, and forms a very 

fcrviol vn-,c„n,, Al. is wUlc. 

In the TVo-toed Sloths 
{ChoUr.pm) the vertebral formula is c 7, D 23, l 3, s 8, Qd 4, 
or 1) 24, L 2 ; or i) 23, i. 4, s 7, the number being essentially the 

same. The second and 
third ccrvicals sometimes 
coalesce. Cholcppus IJoJf- 
rnmini has only six ccrvi- 
cals.* Twelve })airs of ribs 
join the sternum, which 
consists of eleven bones. 
Not any of the great extinct 
(ii’onnd Sloths have more 
than seven cervical vertc- 
brie ; but in the number of 
doi'sal vcj'tebne, as in eveiy 
other bradypodal character, 
they manifest their true af- 

ivivi. of .lu- Al, vua., ^ Thc Mylbclon, fig. 

267, ofi’ers a singular con- 
trast with tilt; Mole, fig. 248, in the proportions of the sacrum : 
this, by anchylosis with the three lumbar and la^t dorsal, dh. 




C'ervit:al and (.hir8.;al vrrlcbnf, Ai. 






iVlvis of tin- Ai. [intfriiir vioAV. 
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includes eleven vertebra), and forms one strong and continuous 
bony mass along the whole lumbar region. Its total length is 
two feet four inches, and it gradually increases in breadth 
to the sacro-iliac union, which is formed by the first, second, 
and third true sacral vertebne, and there presents its greatest 
breadth. It then contracts slightly, and, at the sixth and last, 
expands again to join the ischia, fig. 268, c, with which and 

267 ^ 



Mylodon robioftus. xc. 


the ilia it coalesces. Its anterior surface is curved both laterally 
and vertically. The spinal canal is very wide, and the foramina 
passing from it mark the ])rimaiy scgnicnts. Tlieir neural spines 
form a cuT^ved crest, ib. g. There arc twenty-one caudal ver- 
tebne, fig. 267, cd. The iliac crest is arched, thickened, and 
rough ; the ahe notably expanded. The ischia, after effecting 
the sacral confluence, at c, arch outward, of slender form, and 
expand, at /i, fig. 268, to join the still more slender pubis, h, 
VOL. 1 1. D D 



402 


ANATOMY OF VERTEBRATES. 


and complete the wide obturator hole, o. The tuberosity, /t, is not 
well marked. 

The vertebral coliunn shows neither in Mylodon nor Meya^ 

tlierium any apojdiysial dc- 
velopements related, as in 
the Armadillos, to the sup- 
port of a bony carapace. 

The Megatlicrium lias c 
7, D 16, L 3, s 5, cd 18 ; fig. 
279. TIic neural sjiiiics elon- 
gate in the last two cervical, 
and increase in both length 
and breadth in the anterior 
dorsal vertebim. The dorsal 
lueinapophyses are bony as 
in the Mylodon, Sloths, 
Auliiaters, and Arniadillos. 
Nine [lairs of ribs directly 
articulate with the sternum, 
which consists of eight bones. Most of the dorsal vertebrae 
arc peculiar in having a third, medial, zygapophysis between 
the ordinary anterior and posterior pairs ; they likewise present 
three surfaces to the plcurapophysis, one on the centrum for 
the Miead of the rib,’ one on the ncui’apophysis for the ^ neck,’ 
and one on the diapophysis for the ‘ tuber(‘le,’ The Ineniaiio- 
])hyses jiresent analogous complex joints with the stei’ncbers, 
having a jiair of condyles, synovially artixnilated with two pairs of 
cavities on contiguous sternebers, each such sterneber presenting 
ten articulations, one for the antecedent, another for the succeed- 
ing ifterneber, and two pairs of hiemapophysial cavities on each 
side. The ])osterior dorsal and lumbar vertebra", present, besides 
the articular surfaces for the centrums, and those of the zygapo- 
physes, also a pair of metapophysial and a pair of anapophysial 
articulations.* In the confluence of the anterior doi’sal plcur- and 
luem-npophyses the Megathere*^ resembles the Sloth, 'fhe caudal 
vertebra} sup])orting, as in Mylodon^ a ])owerful column, serving 
as a prop to the massive hind part of the trunk when the fore 
part is raised, as in fig. 267, have long and strong di- and hiein- 
apophyses : the hitter separate in the first caudal, but /eoalesced at 
their distal ends in the succeeding caiidals to near the end of the 
tail.® 
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The largo pelvis, the union of the ischiii with the saerinn, and 
the speedy osseous confluence of the several pelvic elements, are 
common characteristics of the spinal column of the Brutai in 
no other Mammalian order are found such complex vertebral 
articulations ; and here aloTie are manifested the exceptional in- 
staiKjes of affinity to certain Ovipara in the lower cervicals with 
free ribs of the Threc-toed, and in the twenty-three cosligerous 
dorsals of the Two-toed, Sloths. 

B. Skull , — The skull in the inj^ectlvorous Bruf.u is long and 
slender ; these proj)ortions reaching their extreme in true A nteaters 
(A/t/rmecophfrfj(iy fig. 2 (>9). The occi])ital condyles, 2 , are large 
and terminal : the suj)eroccipital, 3, inclines forward as it rises to 
join the ])arietals, 7, which 
retain their ^ sagittal ’ suture. 

The frontals are elongate, - ^ " \ 4 

and continue the smooth 

transversely convex cranial ^ 

roof forward to the nasals, 15 ; 

. i<kuU Mirrtmi'opJiftffit juMlii. c'l.i. 

t]ies(} are still longer, being 

coextensive with the maxillarles, 2 i, whiidi, with the mandible, 
32, form the walls of the bony tubular sheath of the very long 
tongue; the premaxillarics are minute. The orbits are feebly 
delined: the huTymal, 73, is large and chiefly antorbital. A 
beginning of the malar is appended to the maxillary : the small 
scpiamosal forms the fiat, surface for the mandibular condyle, but 
dev(do[)es no zygoma. The tympanic, 28, retains its separate con- 
dition, llie ])etrosal is excavated by a hemisphci'ic cavity for 
the condyle of the stylohyal, the framework of the tongue in 
the Anteators almost equalling the inaudible in its amount of 
bone. 

In tlie Pangolins [Afanis, iig. 270) the cranium also shows the 
inclination of the occipital 
surface from below upward 

tlie f()ramen magnuni being 

eipitals, 2 ^ meet above the ' 

foramcn.^ . The siiperocci- 
I»ital, 3, is rhomboidal, and 

its aspect is almost wliolly u])ward. The inastoids, 8, form two 
hemispheric protuberances at the sides of the occipital region, and 
the petrosals tWo smaller protuberances at the sides of tlie base of 
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the skull : the pterygoids, 24 , extend backward beyond them, and 
form the sides of a deep and wide postnasal groove. The tympanic 
bone forms the lower boundary of a hemispheric bulla, which com- 
municates with an e(tual-sizcd cavity in the squamosal ; a narrow 
strij) of the petrosal intervenes between the tympanic and the broad 
hasioccipital. The zygomatic process of the squamosal, 27, extends 
but little beyond the joint for the lowt'r jaw : there is no wseparate 
malar. The prcmaxillaries, 22, join the nasals, 15 . The small 
lacrymal, in Alanis lo/tr/icmidatfr , is wedged in between the fron- 
tal, 11, and maxillary, 21, at the anterior angle of the orbit. Two 
tooth-like j)rocesses project from the fore~])art of the alveolar 
border of the slender under-jaw. 

In the liairy Antealer of the Ca])e (On/fdfnypus) the petro- 
niastoid and tympanic are distinct from each other, and rc^tain 
their primitive separation from the s(|uamosals. The oiicipital 
condyles are bilobed, the inferior and smaller lobe being devolo|)ed 
irom tlie basioecipital. The zygomatic arch is slender, but entire. 
A well-marked venous fossa depresses the inner border of the 
foramen magnum; the sella* is large and moderately deep, with 
anterior and posterior clinoid processes, bounded on each side by 
the carotid channels, ('xternal to w'hich are the deeper Gasserian 
fossie. Tliere .are few mammalian skulls in wliich the cranial 
cavity is more equally divided, than the ))rescnt, into the epen- 
cephalic, mesencephalic, prosencephalic, and rhinencephalic cham- 
bers ; but the mesencephalic chamber contains not only the j)rop(n* 
mesencephalon, but also, as in other Mammals, part of tlie back- 
Avardly ileveloped prosencephalon, and especially those interior 
protuberances called ‘ natiform.’ The petrosals show very nan*ovv 
cerebellar fossie. The maxillary has sev^en alveoli, the mandibulai* 
ramus has six : but the small anterior ones are obliterated with 
the less of their teeth in old animals. The hyoid arch is large and 

consists of the stylohyal, C(*ra- 
tohyal, epihyal, and basihyal 
elements, with the appended 
thyrohyals, or ^ cornua majora.’ 
In the Armadillos {Dasi/- 
fig. 271 ) the occipital ])lane 
is vertical. There is no paroc- 
cipital : the superocCipital, a, is 
bent at a right angle to join the pariet.als, 7 , whicdi obliterate, as in 
Orifctcropus, the sagittal suture by their union. The mastoid is 
perforated by a vein from the lateral sinus, and terminates below- 
in an obtuse process. The tympanic is a sepai\dtc semicircular 
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plate of bone. The alisphenoicls join the parietals. The hicrymal 
is large and chiefly antorbital. The petrosal ])resents a wide and 
shallow cerebellar fossa: the canal between the petrosal aiid the 
angle of the superocci[)ital gives exit to a vein and entry to an 
artery. The rhin encephalic almost crjnals the cpencephalic divi- 
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sion of the cranial cavity. The frontals arc large, l>ut chiefly 
0 (*cupied by the nasal chain))cr; in the ChlamyphoraH tin* outer 
tabl^ rises into a pair of domes, fig. 272, //, angmeiiting tlie olfac- 
tory cavity. In most Armadillos there are two small prenasal 
ossicles. The premaxillaries are small and lodge the first tootli 
in one or two species. The zygomatic arch is comjJete and 
strong: the malar part, fig. 271, 27 , curves down outside the 
mandilde, and there, in Glyptodon, developes a long process for 
the service of the massetev. 

The zygomatic arch culminates in regard to complexity in the 
Slotlis, albeit in the small 
existing species, fig. 273, the 
squamosal element, 27 , fails, 
as in tlie Anteaters, to reach 
the malar one, 26 , h. In the 
Megatherioids this union is ef- 
fected, fig. 274, and an unusu- 
ally massive arch is the result. 

The malar, 26 , still sends 
uy)ward its temporal j)rocess, 
and downward its mas- 
seteric one^p a. This cranial 
developernent relates, as in 
the recent and extinct Kan- 
garoos, to the share of the masseter in the busAess of mastication ; 
and the molars’ are transversely ridged mf Megatherium as in 
J^iprotodon, 
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The facial })artof the skiJl in the Sloth is as remarkable for its 
shortness as in the Anteater for its length. In the Ai, fig, 273, 
the interparietal coalesccvS with the superocci]>ital, 3, before the 
exocci])itals unite with the super- and l)asi-occipitals. The malar 
bone, 26 , is freely suspended by its anterior attachment to the 
maxillary and frontal, and bifurcates behind; one division, a, ex- 
tending downward, outside the lower jaw, the other, &, ascending 

above the free termination of 
the zygomatic process of the 
scpiamosal, 27. The premax- 
illary is single and edcntii- 
lou>s, being represented only 
by its palatal portion com- 
pleting the maxillary arch, 
but not sending any ])ro- 
cesses upward to the nasals. 
Within the cranium there is 
no bony tentorium: the two 
divisions of the mcatusf iu- 
ternus commence separately 
upon the exterior of the petrosal, wliich is not impressed by a 
cerebellar fossa. The depression receiving the natiform protu- 
bcfance of the cerebellum is formed chiefly by the squamosal. 
The walls of the rhincnce])halic fossa are entirely surrounded by 
the olfactory chamber, which extends above into the frontal and 
beneath into the si)heuoidal sinuses. A well-marked vascular fora- 
men leads downward from the partition between the rhinencephalic 
and prose ncephalic chambers. The rough exterior part of the 
petrosal forms, as it were, the border of a capsule to the tympanic : 
the fossa for the stylohyal is well inarkcd at the back part of the 
l)ordcr. Tlie pterygoid forms a large quadrate vertical plate. The 
bony septum narium terminates half-way from the large vertical 
external nostril. There is a small imperforate lacrymal : the ant- 
orbital hole is wanting. In the Unau (Brafif/pus didacff/lus) tho 
lacrymal is pierced external to the orbit. In the Megathere the 
foi’ainen is at tho orbital margin, and there is a large antorbital 
foramen : the premaxillaries, though edentulous, are more produced 
than in existing Sloths, and there is a corresponding’ production 
of the symj)hysial part of the lo\ver ja^v, which is grooved above, 
as in the Aiiteaters, for the supjxwt during its pro- and re-tractile 
movements of a long tongue, ])rehcusile in the Megathere as in 
the Giraife, in reference to the smaller branches of the trees 
yielding food hx the extinct giant. Behind the symphysis the 
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mandible is deepened for the long roots and matrices of the ever* 
gi’owing molars. The extension of the air-sinuses, groat in the 
climbing Sloths, was still more so in the colossal species, wliosc 
strength enabled them to uproot and jirostratc tlic trees they 
browsed on. The skull of the Mylodon rolmMus in the Hun- 
terian Museum shows two extensive fractures of the outer table, 
one wholly, tlie other partially, healed: the latter extending to 
near the occiput, but having broken only into the air-chamber, 
not into tlie cranial cavity, the inner, proper or ‘ vitreous ’ table of 
which is everywhere divided by sinuses and sinuous bony plates 
from the outer tabic. 

Notwithstanding tlie extreme diversity — singular contrast in- 
deed in several jiartlculars — which the skull presents in tlie order 
Bruta, the marks of inferiority of position in the Mammalian 
series, according to the cerebral character, arc constant through- 
out. The terminal position of the occipital condyles and the 
aspect of the occipital surface, the degree in which the jiarts of 
tlie coniplcx ^temporal bone’ of higher Mammals retain their 
primitive separation, the position of veins conducting from the 
C(?rebral sinuses, the low facial angle and small jiroportional size 
of the cranial cavity, the small share in which the squamosal 
contributes to its walls — all excinjilify the inlcriority of the 
jirescut uiiguiculate group of animals to the Gyrenccjibalous 
Ungulates. 

C. Bones of the ]Jmhs,~\n all Armadillos the clavicles, fig. 
275, 52 ', are complete. TIic scapula, 

51, is broad, convex externally, and 
jiresents two s])in(?s, the normal one of 
wliicb is produced into an acromion, 
long in all the species and imusually 
so in the Chlamyj)hore, ib, n ; in most 
it sends down a process from its base. 

The coracoid curves downward ; there 
is a well-marked tubercle behind the 
neck of the scapula. The suprasca- 
pular clement is represented by a iW)Mi‘sof 
Cfjarscly ossified cartilage attached to nat.fci/c. rv-wMn. 

the base of the scapula, fig. 260, 5i. The humerus is remark- 
able for its strength and for the great dovelopement of the deltoid 
iidges. It is iierforated above the inner condyle, but not be* 
tween the condyles. The ulna, fig. 276, 55 , is considerably 
longer and stlongcr than the radius: tlie olecranon, fig. 275, 
•*>4, is remarkably developed. In Dasj/pus the radius, fig* 276, 
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is but half the length of the ulna: in all Bruta it is free, and 
rotates on the ulna. The four carpal bones of the proximal row 
arc distinct from one another. 
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The scaphoid, ib. .v, is the smallest of the four bones of the 
in-oximal row. The pisiform, articulates to the cuneiform, c, 
and ulna, and extends, palmad, to the lunare, with which it forms 
a large articular cavity, upon which the ])almar patella plays. In 
some the trapezium, is distinct; in others it is connate with 
the trapezoides. The magnum, in most coalesces with the 
base of the cubical metacarpal of the digitus medius, ni. The 
outer part of the base of that metacarpal rests upon the unci- 
fonne, ?<, which also supports the small but thick cubical meta- 
carpus of the annularis, iv, and rudiment of the metacarpal 
of the minimus, v. The medius and annularis have each but 
two phalanges; the long and slender index retains the normal 
number of three ])halanges ; the base of its metacarpal is wedged 
between that of the third, the trapezoides, and the trapezium. Tlie 
chief peculiarity is the very large sesamoid bone developed in the 
flexor tendons, and filling the palmar aspect of the fore-foot : a 
second sesamoid is attached by ligament to the apex of the large 
palmar one. An accessory ossicle, is Avedged into the outer 
side of the carpus in Das, gigas. In Das, Peha, fig. 260, there 
arc four digits on the fore-foot, the two middle much exceeding 
in length and strength the outer and inner ones : the pollex, i, 
is obsolete. The femur, figs. 260, 277 , 65, presents a third tro- 
chanter. The proximal and distal extremities of the tibia, go, 
and fibula, 67, are connate : their shafts subsequently coalesce 
thercAvith, so that a single epiphysis answers to the shafts of both 
bones at each of their extremities, in the immature Armadillos. 
The naviculare is remarkable for its tAVO inferior tuberosities, 
the interspace betAveen Avhich receives the under ])art of the 
entocuneiform bone. In Das, sex-cinctus it sends downAvard a 
process, like that in some Kodents. The calcaneum is less pro- 
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(luced in the Chlamyphore, fig. 277, than in the Nine- 
banded Armadillo, fig. 260. The hind-foot is pentadactyle in 
all. The chief modification of the limb-bones in the extinct 
gigantic AnnadilloKS {Glyjytodoii) relates to the modification of 
iingviiculatc feet to the support and terrestrial progression of 
six'cies too huge for buiTowing, and as 
heavy as tlie bulky Pachyderms. The 
ungual phalanges are accordingly: obtuse, 
short, broad, and thick, for being incased in 
lioof-likc nails, and their phalanges are flat 
bones, presenting the maximum of breadth 
in proportion to length. In the third tro- 
('hantcr and the anchylosed tibia and fibula 
the Dasypodoid characteristics arc pre- 
served. 

The lind)-boncs of the Oi'^ctcropm moY(i 
resemble those of the Armadillos than of cuiZyifJn'' 'i!xx 
the toothless Anteatej*s. The acromion 

scapula^, is less elongate: the entocondyloid process of tlie huineriis 
is recurved, and widely perforated. The wrist-bones arc as in 
Das//pif,s, hut the pisiform is long and slender. The pollex is re- 
duced to a stunted metacarpal and jhahinx, and the hand has but 
four claws, of which that of the medius is largest, but less dis- 
proi)ortionately so than in Da.s, (ji(j(is. In the hind-limi) the femur 
shows the third trochanter. There is a fabel la. behind the outer 
condyle. The tibia and fibula coalesce at their upper ends, but 
not beloAv : tlie hind-foot is pentadactyle. 

in the Manis, fig. 153, the sinne of the scapula is single, is not 
prolonged into an acromion, and there are no clavicles: the 
cora(*oid is re])resentcd by a small distinct tubercle, forming the 
anterior extremity of the elliptical glenoid cavity for the Juimerus. 
The humerus is perforated at the internal condyle. There is an 
articular sesamoid developed on the outer side of the capsule 
uniting the radius with the humerus. The scaphoid and lunare 
coalesce. The digitus medius is disproportionately large, and its 
ungual phalanx is deeply cleft: that of the index and annularis 
show slightly the same character. These phalanges are so arti- 
culated Q,s to admit of flexion, but not of extension, or retraction, 
l)eyond the line of the supporting digit. The femur has no third 
trochanter. There is a fabella behind the outer condyle of the 
femur. The bones of the leg retain their distinctness : the 
extremity of the fibula beyond the outer malleolus bends inward, 
and terminates in a tuberosity playing in a cavity upon tlie outer 
side of the aslragalus. There is an accessory tarsal ossicle on the 


277 




410 


ANATOMY OF VERTEBRATES. 


inner side of the entociineifomi and scaphoid. The ungual phalanx 
of the hallux Is simple ; those of the tlirec middle toes are cleft 
at the apex. 

In the MyrmvvopUiicja^ fig. 263, the scapula, 51, is very broad, 
with a sub-circular contour, and is traversed by tAvo spines, the 
upper one prolonged as an ‘ acromion ’ toward the coracoid, and 
supporting a small clavicular bone jnhata) or joined to a 

complete clavicle (^Myrm, didactyln^. The humerus, 53, is greatly 
expanded at its distal end, evSjiecially by the eiitocondyloid crest, 
which is recurved and perforated. The radius, 54, and ulna are 
of nearly equal lengtli, the acromion, 55, has the loAver angle pro- 
duced. The car|)us consists of (lie usual eight bones, fig. 278, 
viz. scaphoides .v, lunarc /, (‘uueiforme c, pisiforinc 'p, which is 
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jiroduced like a carpal cal<!ancuni. The trapezium, /, supports a 
slender i>oliex, l ; the trapezoides, z, a longer and larger index, ii ; 
the strong, four-sided, outwardly-ridged metacarpal of the medius, 
ni, rests its base u])on the magnum, /;/, and uneifornie, ?/ ; and is 
wedged between that of the index, i i, and annularis, iv. The 
minimus, v, which is articulated more to the annularis than to the 
iinciforme, has but two ])halanges, and is clawless. The ungual 
phalanges are dorsal ly grooved, not notched. In \\i^ Myrmecophaqa 
didactyla the nH'tacar})al rudiments of the [)ollex and minimus 
are hidden benetith the shin : the annularis metacarpal supports 
a clawless phalanx : the two conspicuous digits are the index and 
medius, the latter the largest. The femur, fig. 263,65, has a crest 
along its outer margin : the tibia and fibula, 67, are distinct: the 
foot is plantigrade and pentad actyle, witli a calcaneiim long and 
compressed in the great terrestrial si)ecics, but short in the 
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scaiisorial didactyle Anteater, in which a sup])leinentary hone on 
the itiiier (tibial) side of the tarsus is produced backward to 
increase tlic power of the heel in grasjmiji;. 

In the Ai, fig. 2G4, the scapula, 5i, is broad, and its outer 
surface is equally divided by the spine, Avhicli is short, l)ut con- 
tinued into an acromion arching to join the coracoid. The supra- 
spinal notcli is converted ijito a foramen l)y the cxteusioTi of 
ossification from the superior costa- to the base of the coracoid. 
The same chara(‘terlstics are reproduced in the scapula of the 
Mcgathere, fig. 279 , 52 , under more massive proi)ortions of these 
growths for muscular attachments, and with the superaddition of 
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an inferior s])ine, as in the Autcater. Tlie clavicle is coii]j)Iete in 
the Megathcre, ib. oS, as in the Two-toed Sloth (^C/tolaipu,s) : in 
the Ai it exists as a short appendage to the acromion. In the 
small climbing Slotlis the length of the t)rehensile fore-limlis is 
attained by that t)roportion of the humerus, fig. 264, 53 , and 
antibrachial bones, 54, 55 : both the latter arc bent, leaving a 
wide interosseous st)acc, and are so articulated as to allow of 
])ronatiou and supination. In the Megathcre the humerus is 
relatively shorter, but thicker, and is cnorinously expanded at its 
distal end, fig. 279 , 53 : the inner condyle is imperforate, as in 
Brady pus tridactylus: in the MeyaUmyx it is {)crforatcd as in 
the Brad. ( Cholaipus) didactyhis. The ulna of the Megathcre, 
fig. 279 , 55, ^is equally remarkable for the vast expanse of its 
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proximal eni3, imjludhig tho olecranon which is twice as broad as 
long, and projects backward rather than up^vard. The proximal 
end of the radius, 54 , is circular, and its articular modifications 
are as well adapted for rotatory and flexile movements of the 
anti brachial bones as in the human arm. The interosseous space 
is shorter and much narrower relatively than in the Sloths. Of 
those the Ai, fig. ’280, has the carpus reduced to six bones, the 
scaphoid being connate with the trapezium, .s- . . . . and the mag- 
num with the Irapezoides, m. A rudiment of the metacarpal 

of the pollex, i, has co- 
alesced with that of the 
index, Ti, and a rudiment 
of the metacarpus of the 
minimus with that of the 
annularis, r, iv. In the 
three fuiK'tional digits the 
])r{>ximal and middle pha- 
langes arc confluent, 
the ungual ones are of 
great length, and restrict- 
ed in their movements, by 
the production of the back 
part of their base, to de- 
grees of flexion. The joints of all tlic digits are deeply trochlear. 
The bones of the hand of the IJnau {Cliolwj ms) lira described 
at p. 306, fig. 191, ^ Sloth.’ In the Megathero the wrist has a 
scapho-trapezium, fig, 191, st, but the trapezoid and magnum 
are distinct, Tlic ])ollcx is rc[)rescnled by a stunted meta- 
carpal, i: that of the minimus, figs. 191, 279, v, is long and 
supports one or two short thick phalanges: the second, u, 
third, in, and fourth, iv, digits are })()werfully unguicnlate, 
hut the first and second phalanges coalesce only iu the medius, 
i, 2 , nr. The massive metacarpal is scpiarcd, firmly attached to 
the (jontiguoiis ones, Avith the outer angle of the base produced and 
wedgctl bebveeii that of the aimnlaris, the magnum, and nneiforme.* 
In the Sloths the femur, fig. 264, G5, is straight, like the 
humerus, but is thicker and shorter ; tlic head shows no impres- 
sion for a llgamentiim teres. The tibia, 66, and fibula, 67, are 
oppositely beni, leaving a Avide interosseous space, as in the fore- 
arm, but are still shorter than their homotypes. The inner 
malleolus [U'ojects backAvard and supports a grooved process; the 
loAver end of the fibula fits, like a pivot, into a socket in the 
* xcr. p. 53, pi. xxi. 
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astragalus. In Brad, triducttflus the calcancum is remarkably 
long and compressed. The scaphoid, cuboid, and cuneiform bones 
have become confluent with each other and tlic metatarsals, of 
which the first, l, and fifth, exist only in rudiment. The other 
three have likewise coalesced with the proximal plialanges of the 
toes which they support. In the Brad, dhlactyVua the onto- and 
mcso-cuuciform bones, the rudimental metatarsal of tlie hallux, 
and the metatarsal of the second toe are confluent into one bone: 
the rudimental metatarsal of the flffli foe has not become united 
Avith that of the fourth toe. The functional toes have long j)rc- 
hensile claAvs like those of the lingers; by the peculiar ankle- 
joint the foot is tui'ucd inward, and the advantage in gras[)ing is 
obtained at the cost of the power of stopping on flat ground. 

The Megathere has a j)i voted articulation of tlie foot Avith the 
leg, but the process and the cavity are on reverse j>arts of the 
ankle-joint, and the astragalus sends a. ])rocess to fit a cavity in 
the tibia. The result, in the inflection of the hind foot, is nearly 
the same : but an enormous calcaneum, fig. 279, c/, and inetatarsal 
of the fifth toe, ib. c, rest lu'oadly on the ground. The lower 
surface of the astragalus transmits the supcrincuml)ont Aveight in 
two directions ; Inickward upon the heel-bone and forward upon 
the metatarse. By the naviculare it is transmitted through the 
cctocuneiforme and the produced angle ()f tlie base of the mid- 
metatarsal to the fourth and thence to tlie fifth metatarsal. Tlie 
cuboides receiving the weight from both astragalus and naviculare 
transmits it by its produced forc-])art to tlie base ol‘ the fourth 
metatarsal, and partly liy that medium, but chiefly by direct 
articulation, to the side of the fifth metatarsal. The tendency of 
the cuboides to yield under this pressure and slip liack is resisted 
by the abutment of the calcaneum against its back part. I'lie 
digitus medius, ib. ///, Avas alone dcATJoped to sustain and Avield 
a claw ; but this Avas of enormous size, and must have had the 
poAver of a pick Avhen Avorked by the lever of the long heel-bone. 
The first and second toes Avere not ])rescnt, nor Avas the ento- 
cuneiform bone. The tAvo outer toes, iv and c, terminated in 
tuberous phalanges, CAndcntly iinliedded, in the living animal, 
in a hoof-like thickening of the outer border of the foot. Idie 
outer side of the fore-foot presents a similar modification for qiiasi- 
ungnhito {)rogression on the ground. Thus the Megathere, My- 
lodon, and allied great teiTcstrial Sloths seem to have combined 
nnguhit(^ and unguicnlate charactcristhis in the same extremity. 

The principle of vicAving structures and instruments, in reference 
to the Avork that they may do, is shoAvn to be good in gaining in- 
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siglit into the mode of life of extinct animals, in a striking degree 
throngli its applicatjon to the skeletons of the Megatherioids.^ The 
teeth of these conform so closely in all characters Avith those of 
the Sloths as to suggest leaves ratlier than roots to have been 
their food. In the light slender Sloths the modifications of striic- 
ture for climbing, clinging, and living altogether in trees, ai(‘. 
carried out to an extreme. In the colossal extinct kinds tlie 
foliage Avas obtained in a difterent Avay. The huge single claw 
on the Iviiul foot Avould be ap])licable as a pickaxe to clear aAvay 
th(? soil from between the ramifications of the roots: a socoml 
claw Avould have interfered Avith such work. The foot is organised 
to give great strength to that claw ; dislocation of its toe is 
specially guarded against: the i-est of the tarso-metatarsal structure 
relates to the poAA^er of the foot to sustain su})crincumbent pres> 
sure, Avitli a position of the cla^v ])ringing its side instead of its point 
In contact Avith the groimd. The bones of the tlu'gh and leg are 
remarkable for tlieir massive ju’o'portions, for their thickness, and 
especdally their breadth in proportion to their length : the femur 
in botli Mf/loilon and Meijatherlnm would i-juik rather Avitli the 
‘flat’ than the ‘ long’ bones. These osseous eolumns Avore needed 
to support the huge, heavy, expanded ])elvis, fig. 207 . I’he iliac 
exi)ausious are the chic'f conditions of the other characteristics of 
this part: and they are unintelligible save in relation to ade(puite 
extent of origin of poAverful muscles, especially tliosc arising 
from the crista ilil, <>2, the chief of wliich muscles concentrate 
their force upon the fore-limbs. This iiull(‘atcs that these limbs 
Avere put to some unusual Avork ; and the infcJ onces from the 
teeth and the hind chiAv lead to its recognititm as the pulling 
down trees and wrenching off their branches : but, for these 
operations, tlie pelvis must have adequate fixity; and to tin? 
Aveight and strength of itself and its su|>porting limbs there is 
addeil a tail so developed as to serve as a tliiril support and 
give tlie pelvis the basis of a tripod. Without this vicAV of the 
function of the hind-])arts of tlie skeleton we can only sec that 
the pelvis is so great and, Avith its caudal appendage, so weighty 
as to require the massive pro]>ortions and structure of the hind- 
limbs; and, reciprocally, that these bespeak a proportionate size 
and weight of the ])arts to be sustained : but Avhy such dcvelopc- 
inciit of sustaining limbs and parts to be siqiported in reference 
to any other action and way of life is inconceivable. "I’hc excess 
of bone in tlic liiiul-i>art of the skeleton once recognised as relating 
to the fixed point of attachment of muscular forces Avorking the 
fore-limbs,- to tlie exertion of poAver adequate to prostrate a 
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tree, — and tlie rest of the bony organisation becomes intelligible. 
That of tlic hind-foot has been explained : the concuinitant extent 
of muscular origin aff()rded by the broad scapular plate Avith its 
many ridges, crests, and pi-ocesses, is thereby accounted for. The 
necessity of the firmness imparted to the shoulder joints by the 
perfect clavicles abutting atone end against a large ^ inaniibrium,’ 
at tlie other end against the conjoined acromion and coiacoid, 1 ) 0 - 
comes obvious. The fore-foot retained three huge claws to effect 
. an adequate grasp of the trunk or btnigh : for their due and varied 
application tlie fore-arm enjoys all the variety and freedoju of 
movements which an arm terminated by a hand possesses. A 
tree being prostrated and its foliage thus brought within I’cacli, 
every indication in the skull of the size, strength, tl(‘xil)ility, and 
prehensile power of* the tongue harmonises with the foregoing 
teleological conclusions. 71ie Megatherioids, like the triraffe, 
thus j)lncked off the foliage on Avhich they fed. In the i-idged 
crowns of the grinders of the Giant Ground-Sloth avc dis(*ern 
the power of crushing coarser parts - a greater propoi’tiou of* 
twigs and steins, c.g. — of the l*oliage than the diminutive Tree- 
Sloths take. It needed only evidence of* the occasional occniTcnce 
of what might liappcn to a beast in tlie fall of a tree wlricli it lia<l 
uprooted, to seal the foregoing jihysiological inlerem'es with the 
stamp of truth: and the skeleton of the Mijhdon in the Hun- 
terian Museum^ shows that evidence above the right orbit, and 
at the back part of the cranium, marked /*, fig. 207. 

§ 184. Skeleton of Cetacea. — This is characterised liy the 
coarseness and greasiness of the osseous texture, by tlie shortness 
of the cervical and the length of the caudal n'gions, by the loose 
iind diminutive [lelvic hones, by the absence of* ])elvic limbs, and 
by the large size of* the skull, due in most to that of the jaws, 
which in some Whales (^Balmiidce, fig. lot), PJu/sefer macroce’- 
phalus) is excessive. 

A. Vertdyral Column. — Although there is as little outward sign 
of a neck in a Avhale as in a (isli, the same number of cervical 
vertcbrie are present as in the giraffe. The atlas, fig. 283, i, is the 
largest, is characterised by its huge and aiqiroximatc articular cujis, 
c, for the occipital condyles, and by the substitution of a hypapo- 
physis for the true centrum, which coalesces as an odontoirl process 
with that of the axis : both these vertebrie are antevo-posteriorly 
compressed and transversely extended, and the five succcicding 
cervicals are still shorter in proportion to their hciglit and breadth : 
they are, in fact, lamclUforin, without reciprocal movement, and 
usually exhibit a greater or less extent of confluence, tlie whole 
* Xc’ir. 1>. ca, iio. 377. 
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forming one mass like a ‘ cervical sacrum’ in the true Whales 
{Baloina, fig. 159, c), small Cachalots (Enphi/setes),^ the G rampus/'^ 
the Porpoise : the neural arches of the axis and following cer\dcals 
are confluent in most. The ccrvicals thus give a firm support to 
the large head which has to overcome the resistance of the water 

when the swift swimmer is cleav- 
ing its course through that ele- 
ment The characters defining the 
succeeding vert ebra% applicable to 
comparisons of species and I’c- 
cognition of range of variation, 
appear to be : — the support of free 
ribs; the presence of transverse 
processes formed cliiefly by coa- 
lesced pleura])ophyses, hg. 
the articulation of luemapophyses, 
fig. 282, /^, to the centrum, ib, c. 
normal vrrtol.ni, wiiMie. Tlius, iu a lai’gc British Dolphin 

{Delpkinus turm)), the skeleton of which I prepared (and to take 
the bones from the carcase is almost essential to (?ertainty as to 
number of ribs and hajinal arches), there 
are sixty vertebraj. Of the seven cervical 
the first two only arc ancliyloscd: tliii*- 
tecn vertebras sup])ort free ribs suspended 
to terminally expanded diapophyses, fig. 
281,r/; then follow twenty-jiine with trans- 
verse processes oidy, as in fig. 141, d : the 
thirty-third vertebra from tlie skull first 
supports a htcmal arch, but in tliat arul 
the two following vertebne the piers or 
^ luncmapophyses ’ are small and iiminited : 
the complete arch, as in fig, 282, A, is 
continued, diiniiilshing, to tlie last six 
vertebne, whicli (?oiisist of the centrum 
only, much depressed. Tims, between 
c.ud,u vertebra, thirteenth dorsal vertebra and the 

first Avitb bamia])opbyses, there arc thirteen which miglit be 
termed ^ lumbar,’ fig. io9, J>, Qd, but hold the place of lumbar and 
sacral in other Mammals {Me<fat]ieriumy e.g., fig. 279 , .l, s). A 
sacrum is never indicated by vertebral confluence in Cetacea, and 
only obscurely by the position of the pelvic rudiments, fig. 159, 
63, 64, loosely suspended below. In the IMph. tursio a metapo- 
' •’‘<‘ 111 *. xvnr. p. 520, fig. 214.* 





SKELETON OP CETACEA. 


417 


pliysis begitis to project from the fore jiart of the (liajiophysis of 
the third dorsal, increases in lejigtli to Ihe fourth, and is gradually 
transferred in the sixth and seventh dorsals to the outer side of 
the })rozyga])ophyscs : in the following vertchrie it seems to take 
their })laee, and to occasion a reversing of tlie usual relative ])Osl- 
lion of the zygapo])hyses ; for Avhereas in the cervical and 
anterior dorsal vertebrae tlic anterior ones arc overlapped, as in 
other Mammals, by the posterior j^ygai)op]iyses of antecedent 
vertebne, — in the succ.ecding dorsals, heginning with the seventh, 
the ])ostcrior zyga])opliyses seem to be overlapped and con- 
cealed by the anterior ones ; but the ap|)earaiicc is due to the 
place of the zygapophyses being taken by the metaj)o})hyses.' 
'fhese hitter processes, in fact, continue after the articular surface 
lias ceased to be developed, and after the entire disappearance of 
the posterior zygapo])hyses, to iwoject forward from the tliirteciith 
<loi\sal to the sixth lumbar vertebra? inclusive ; beyond which the 
neural arch is devoid of all exogenous |)rocesscs, save the s|)iiie, s, 
until the middle caudal vertebne, Avherc rudiments of the meta- 
pophyses again rcai>[)car. There arc no anapophyscs in the 
Cctavm. 

Tlie four anterior ribs have a head and neck : tl\c rest arc sus- 
])(!nd(jd by the liomologuc of the tuherclc to the end of the trans- 
verse ])vocess. The costal cartilages arc partially oftsified : the 
first four pairs articulate with the sternum: the original separations 
oi‘ the parts of that bone have disappeared. The first piece or manu- 
hrium has an anterior median notch and two broad lateral processes. 

in Ddphimia dclphia, of the seven cervical vertebrte the first 
two have become ancliylosed together : there are sixty-three other 
lertebne, of which tlie iirst fifteen bear moveable ribs; tliirty- 
thrcc vertebne liave transverse processes without ribs: the forty- 
second vertebra from the skidl begins to sup])ort Ineinajiopliyses : 
the cigiit terminal vertebne consist of the centrum only, and 
are much flattened. The metapophysis begins abru])tly, as a 
long well-marked process, from the fore pai-t of the diapopbysis 
of the fourth dorsal, progressively ajiproximates and attains the 
outside of the prozygapophysis in the eighth dorsal, ])erform.s the 
function of an articular ])roccss as far as the sixth lumbar, clamp- 
hig, as it were, the sides of the back part of the base of the spine 
of tiic antecedent vertebra, disappeai’s in the next dozen lumbar 
vertebne, and reajipears in tlic caudal vcrtebrie at the fore part 
of tlie base of the spine. The six anterior pairs of ribs support 
hajmapophyses \vhich unite directly with the sternum. 

' XMV. Note, vol. ii. p. 452. 
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In the common Porpoise {PhoccRna communis^ all the ccrwals 
are anchylosed, and the head of the first free rib vests upon theii- 
coalesced bodies: there are fifty-six other Ycrtebrai, tliirteen of 
which arc ^ dorsal/ or have moveable ribs. The diapophyscs and 
spines of the lumbo-caudal vertcbrte incline forward. In the 
Narwhal all the seven cervicals are free : the wielding of the 
horn-like tusk of the male is the condition of their greater freedom 
of movement in the neck. Beyond the cervicals are fifty-six 
vcrtebrie, twelve of which have moveable ribs, and of these six pairs 
join the sternum. In the Bidcnt Dolphin, or Bottle-nosed Whale; 
{lJy})eroo(lim bi(lens\ the cervical vertcbrie have coalesced with one 
another: beyond these there arc thirty-eight free vertcbrie, of wlvuh 
only the nine anterior bear moveable ribs: the twenty-second 
vertebra first bears hiemapopliyses attached to the under part of 
the centrun). The five anterior pairs of ribs articulate with the 
sternum, which consists of three bones. 

In the Balcena mysticetus^ fig. 159, there are thirteen dorsals ; 
as many vertebne without ribs intervene between these and the 
first vertebra with Incmapophyses ; the rest of the column, this 
inclusive, consists of twenty-two vcrtclme, the last dozen being 
reduced to the centrum, which is much depressed, the last two or 
three coalesce. The seven cervical, ib. c, are blended into one bone. 

In a young or fijctal Whale {Balcena australis) ' the cervical 
ncura])ophyses of one side arc disunited above from those of the 
other side, as they are from the ccTitrum below: a compi'cssed 
di apophysis is sent olf from the outer side of each ; it is shortest 
and thickest in the atlas. The third and fourth neurapophysos 
have coalesced at their upper part on the left side, and those of 
the last five vertebne have coalesced on the right side. The 
cortical portion of the centrum of the atlas is ossified, and forms 
a wedge-shaped piece of bone, like the corresponding part in the 
Ichthyosaurus. The centrums of all the cervicals are connate. 
In the adult true Whales {Balmia), the cervicals, fig. 283, i~7, 
arc distinguishable mainly by the intervals for the passage of the 
nerves between the neural arches. In Balamopterar ostrata^anchy- 
losis docs not proceed farther than to unite the atlas mth the 
dentata, and the sixth with the seventh vertebra. In BaL hoops, 
Ba.h patachonieha, and some other Fin-whales, the atlas retains its 
individuality. The interval between the lower (plcurapophysial), 
fig. 283, p, and upper (diapophysial), ib. d, part of the transverse 
process is wide, often open, and when circumscribed usually leaves 
a large foramen. In the seventh cervical the diap(>physis, rf, alone 


' XLIV*. vol. ii. p. 440, no. 2437. 
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is (lev^eloped, as a rule, and the head of the first dorsal plcurapo- 
physis abuts against its centrum. Tlic 
diapophyses progressively elongate in 
tJic dorsals, and support the corre- 
spond ingly lengthening ribs. The 
discoid terminal epiphyses long retain 
their individuality in Cetacean verte- 
bra), longest in Balmia} 

The ‘ breast-bone ’ in Phi/aeterhhe 
C(msists usually of three sternebers, 
each ossified from a pair of ceutres 
which tardily coalesce, save in tlie first 
and largest. Four ])airs of ribs directly 
unite with this sternum, as in Deiphlnus 
Tursio^ in which llie sternebers ultimately coalesce into a single 
hone. In llypcrondon and Ziphim there arc four sternebers, with 
a vacuity at tlie middle of each articulation, and fi ve jiairs of ribs 
articulate with the sternum. The sternum in Whales consists of 
but one bone, to Avliich is usually connected a single pair of ribs. 
The articular surfaces for these mark its sides: in the more active 
Bcdcmopfjra the hone is deeply notclicd in trout, ])rodiicod hehind. 


283 



tig. 284, where it is ridged below. The ^stermlm 
is short and broad, sbicld-sbapcd, in Balania ; 
rhomboid, sometimes with a central perfora- 
tion, ill Kypliohahonay Esch. One or two of 
the [)osterior ]i]eura])ophyses are loosely sus- 
])cndcd by ligament to the diajiopbyscs of their 
A ertebra in many Ddphinulcc,'^ 

B. AS'/fw//.— The cranial neural arclics eon- 
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sternum of TU^lonoidn 


tinue to manifest the ficculiar proportions Avliich are shoAvii in an 


exaggerated degree in the cervical scries, in an advanced fmtal 
Cachalot {.Fhyseter macroccphalns) I find the elements of the 
e])eneephalic arch unanchyloscd. The lateral margins of the 


anterior half of the basioccijutal arc produced and bent obliipiely 
(loAvnward. '^Flie cxocei])itals arc much |)rodueed and expanded 
laterally, like the neura]) 0 ])byses of the atlas in fig. 28.3, i ; they 
are deejily notched below. The sujieroceipital contributes the 
Tipper ends of both condyles ; it is in the form of a vertical jdate, 
convex from side to side, and devclopes internally a falciform 
crest. The supcroecipital is ovcriapjied at its lower and lateral 


* XLTV., vol. ii. p^. 440. In Fin- Whales the anchylosis is noted in certain vcrtebra3 
of no. 2444, p. 441. 

“ xcviir. p. 8. x^exx’., p. 72, tuf. 4 and 5. 
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angles by the cxocclpitals^ anterior to which it attains to the 
alisphenoids, and is notched externally for the reception of the 
upper angle of the squainosals. The basisphenoid, a thick hexa- 
gonal bone, concave from side to side below, nearly flat above, 
is anchylosed to the alisphenoids : it is perforated or grooved by 
the entoearotids, but has no clinoid processes nor sella turcica. 
The alisphenoids, perforated near the middle of their base by 
the foramina ovalia and rotunda, have a thick quadrate plate on 
their inner side, forming their cranial surface: they extend into a 
point anteriorly, and articulate with both the frontal and with 
the parietal angle of the supcroccipital. The neural spine of 
the parietal vertebra is a thin plate partly detached and partly 
anchylosed to that of the occipital vertebra ; the lower angles 
are confluent with the diaj)ophyses, called ^ mastoids,’ wdiich 
here, as in other Cetacea^ arc distinct from the petrosals, and 
chiefly support the squamosals : these enter a groove of the 
snperocciirital posteriorly, and receive the alisphenoid in a 
groove anteriorly. The presphenoid and the anchylosed orbito- 
sphenoids form the anterior wall of the cranial cavity, and 
are ])erf<)rated by the oi)tic foramina: they articulate with the 
frontals, sending np a small ])rocess into the interspace at the 
beginning of the frontal suture, wdiicli process is impressed by a 
blind fossa like a small foramen olfactorium on each of its sides : 
the prcs[)hcn()id unites with the basisjdienoid : the j)osteri()r 
and lateral parts of the orbitosphenoids unite with the alisplic- 
noids: the fore part of the presphenoid is underlapped by the 
vomer. There is no cribriform plate. The frontal bones are 
large triangular plates, concave externally, with the outer and 
fore angle j)roduced into a superorbital process, the ehanncl on 
the under part of Avhich contracts as it a|>proachcs the eraninm 
into a long, deep and narrow groove, which lodged the muscles of 
the eyeball. The straight median margins of the frontals arc 
tliiniKKl off and joined by a squamous frontal suture, the right 
ovcrlapping the left. The whole posterior and lateral border of 
the frontal, as far as the junction Avith the squamosal, presents a 
broad, olilique, sutural surlaec, which joins, by overlapping, tlic 
contiguous border of the supcroccipital. The smooth cerebral 
surface of the frontals is flat at the middle, arched at the sides, 
and not impressed by any coin-olutions. The vomer expands 
into tW'O aliform processes at its base, Avhicli is apjdied against the 
jvresphenoid and orbitosplionoids ; it then becomes subcompressed 
and smoothly excavated, but much more dec[)ly at tlic left side, 
where it Ibrms the inner and posterior boundary of the single 
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nasal meatus : it again slightly expands, and afterwards is eon- 
tin ued, gradually decreasing, to near the anterior end of tlic ])re- 
iiiaxillarics : it is canaliculate above, and occupied by cartilage 
continued from the coalesced prefroiitals. Tliere is no trace of 
nasal bones. The bone, formed by the coalesced prefrontals, 
])C!ictrates the posterior ])art of the groove of the vonier, abovci 
wliich it expands, unecpially, into an obtuse j)roiniiiencc rising 
and inclining to the left side : it h grooved on both sides, ami 
forms the septum of the vertical nasal passage : it is not com- 
plicated Avith turbinal or rliinal capsules, as in tlie so-called 
‘ ethmoid ’ of other Mammals. Tlie i)alatine and ])terygoid bones 
arliculate with the sides of the expande<l base of the vomer: the 
margins of the canal excavated in the u])per surface of the rostral 
production of the vomer are overlapped by the premaxi Maries. 

The palatal is a surall, triangular bone, thickest anteriorly, 
lliin, produced and bent posteriorly and above: it commences 
here by its attachment to the anterior and outer angle of the 
vomer, bends forward, dowmvard, and imvard to cireumserilx) llic 
nasal meatus, and receives in a groove on its upper and anterior 
border the palatine prominence of the upper maxillary horn). 
The Avholc posterior border of the palatine fits into a groove of 
tlie contiguous border of the pterygoid, Tlie pterygoid, which is 
doulilc the size of the palatine, extends backward to the basi- 
occipital, articulating in its ])rogrcss l)y its expanded upper border 
Avith the pre-, basi- and ali-s[)henoids : from this border the bone 
descends, arching imvard toAvard its fellow, Avhich it joins along 
the anterior half of its extent: the remaining free liorder is dividecl 
Irom this by a deep notch, and circumscribes the large posterior 
bony aperture of the nostril. 

The maxillary expands from its palatine prominence — the 
essential point of its suspension — backAvard, outward, but ehicHy 
foi’Avard, Avhere it gradually diminishes to an obtuse point. It 
eontracts a union posteriorly Avitli the orbitosiilicnoid and ali- 
sphenoid, and very cxtensiA'^ely Avith the IVontal. The nasal 
]>roccss of the maxillary is trai^ersed by a large vertical canal. 
The prcmaxillaries are ajiplicd against the Avholc inner surface of 
the inaxillarics between them and the vomer. The right extends 
iniich farther back tlian tlic left. The eajiacious basin on the 
upper surface of the skull, Avhich lodges the valuable product 
called ^ spermaceti,’ is formed by tlie exjianded and concave nasal 
])rocesses of the prcmaxillaries and maxillaries, Avhich overlap the 
Ironials : a stout ridge divides the inner concave from the outoi- 
sloping surfacc^of this part of the maxillary. The malar bone is 



4-22 


ANATOMY OF VEllTEBRATES. 


a moderately long and slender piece, bent upon itself at an acute 
angle. The upper portion, wedged between the maxillary and 
frontal, is the thickest: the lower and more slender brancli is 
bent downward and backward, circumscribing the orbit anteriorly 
and below, and continued by ligament or fibro-cartilagc to the 
short obtuse zygomatic process of tlic temporal, ’'riiere are no 
lacrymal bones. The anterior two-thirds of the middle and under 
surface of the maxillary is traversed by a vascular and dental 
groove : rudiments of teeth hidden and buried in the gum are 
usually found in tins groove. The scpiamosal is a comparatively 
small, but strong and thick triangular bone: the up])cr angle 
rcj)rescnts the exj)anded squamous part in land Mammals, and is 
articulated by broad dentated sutural margins to the frontal and 
exoccipital : its anterior border is grooved for the reception of the 
alisphenoid : the lower angle is, as it were, triiiicatcd, and presents 
a rough surface for the attachment of the ])etrotyin])auic : a short 
obtuse anterior angle bends forward as the zygomatic pro(!ess : 
the under surface ju’cscnts a smootli shallow cavity for the 
condyle of the lower jaw; the inner border of the glenoid surface 
being produced downward into a slender styliform process, 'iFlio 
tympanic, here, as in other Cetacea^ presents a peculiar conchoidal 
shape, and is extremely dense in t(‘xturc. An outer plate bends 
over tlic tliicker, seemingly involuted part, like the outer lip of the 
univalve PijruUu The ^ Eustachian’ outlet is at the fore ])art; and, 
besides this, may be noted, in P]iysetei\ the ^ involute (‘on vexity,’ 
with its ^ outer’ and ‘inner’ lobe, the ‘overarching ]>late,’ and 
the ‘rough tynqjjinlc process,’ by whicli it joins and coalesius 
with the ‘ i)etrosal this is characterised by a deep i'ossa.^ Thu 
condyle of the mandil)le projects from the ])Osterior part of tfic 
base or ascending ramus, which is compressed and ])rodiiccd into 
a low obtuse coronoul process above, and into a similar angle 
beloAv: a wide excavation, beginning on the inner side of the 
ascending ramus, dee])ens and contracts into the dental canal, 
which enters the sii1)stancc of the horizontal ramus : a fissure is 
continued along the inner side of the ramus from this canal, niul 
is the sole indication of a com[)oun(l structure of the jaw. The 
vessels and nerves emerge from several foramina at the outer side 
of the ramus, where it is attached by its long symphysis to its 
fellow: tlie lippor border of the symphysial part of the ramus is 
excavated l)y a continuous dental canal or groove, now somewhat 
resembling that in the upper jaw. The length of the symphysis 
in the fattal Cachalot is three-fourths that of flic rest of the 


XVIII*. p. 5-J6, figs. 220, 225. 
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ramus. In the adult male the disproportionate growth of this 
part of the jaw leads to an excess of length of the syinphysial part 
beyond the rest of the ramus. It is coextensive with the dental 
series, which consists, in each ramus, of twenty-seven teeth, 
conical or ovoid, according to their state of developement and 
usaire : the smallest teeth are at the two extremes of tlie scries. 
Til the young Cachalot they are conical and pointed, but beconui 
obtuse by use, whilst progressive growth expands and elongates 
the base into a fang, Avhich then contracts, and is finally solidified 
and terminated obtusely. The teeth are separated by intervals 
as broad as themselves. In respect to their mode of implantation 
they offer a condition intermediate between that of the teeth of 
the Ichthyosaurus and Grampus, being lodged in a wide and 
moderately deep groove, imperfectly divided into sockets, the 
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so])ta of which reach only about half-way from the bottom of the 
groove. 

In a fmtal Southern Whale {Balmia australis)^ eacli frontal is 
a transversely elongated slender triangle, with its base at the 
frontal suture, which is a thick vertical symphysis, and its apex 
at the superorbital ridge : the inferior angle of the liase rests upon 
the prefrontals and upon the sides of the expanded base of the 
vomer. Tlie frontals take a very small share in the formation of 
tlie cerebral cavity. Their cranial surffu^e forms a small concavity 
at the bajik part of the base : a half-canal is continued foinvard 
from the lower angle of this surface into the nasal (!avity. Almost 
the whole of tlie upper and outer surface of the frontals is over- 
lapped by the parietals and occipitals, leaving a very narrow ex- 
posed transverse strij) across the u])pcr part of the skull. The 
anterior border of each frontal is joined mesially with tlie nasal, 
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next with the upper end of the premaxillary, and for the rc»st of 
its extent with the inaxillary bone, which is continned onward to 
form tlie antorbital jwoccss. 

In the mature Mysticcte Whale, of which a side vieAV of the 
skull (now in the British Museum) is given in fig. 285, the maxil- 
hiries, 21 , arc disposed each like an exf)andcd arch along tlie 
outside of the coextended premax illaries, 22 ; their inferior surface 
has two facets separated by a longitudinal ridge, to the sides of 
which the plates of baleen arc attached. The premaxillaries are 
compressed and diverge from each other posteriorly to form the 
long oval outlet of the nostrils, completed behind by the nasals, 
which are elongate, as in the Zeufilodon aitoidcs : the frontals, c, 
extend outward to form the roof, 11 , of the small orbit, e; and therC' 
with is coextended the back part of the maxillary, 21 ': a small ma- 
lar, fig. 151), 2G, is articulated 
to the lacrymal, 73, the maxil- 
lary, 21 , and the squamosal, 27 ; 
the most expanded part of whixdi, 
fig. 285, 27, forms the articula- 
tion for the mandible, 29 - 3 ?. 
The superoccI])ital, 3, inclines 
forward, as it rises, and forms 
almost the whole npper part of 
the crani um. '^Fhe coalesced pre- 
frontals arc perforated by the ol- 
factory nerves. Tlie presphenoid 
is sheathed in the hind part of 
the canaliculate vomer, I 3 ,wluch 
extends far forward along the 
middle of the roof of the rnoutli. 
Each mandibular ramus arches 
outward and forward from the 
slightly-raised condyle, 29 , to the 
short, ligamentous symphysis, 
32 : it is compressed and subtrcnchant at both upper and lower 
margins : a coronoid ridge is feebly marked ; there is no ascend- 
ing ramus. The skull of the whale is more symmetrical than 
that of toothed Cetacea. 

In the section of Ddjdimidce. to wdiicli the Grampuses and 
Porjioiscs belong {Phocmia, Cuv.), the facial bears a less pro- 
portion to the cranial jiart of the skull: the latter is broad, ele- 
vated, and convex posteriorly. Tlie siiperocicipital, fig. 286, s, 
forms the transverse crest dividing the hinder from the upi)cr 
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surfiicc, Avhcrc it is met by iJie IVoiitals, n, the overlapped ])arie- 
tals coming into view only at tlie sid.es, where they cx])an(l into 
the inastoids, 8 . The maxillarics, as they extend backward, rise 
and expand, 21, covering so miicli of the fi'ontals, n, as to allow 
blit a narrow strip of these bones to be seen, except Avhere they 
dilate to form the roof of the orbit. Tlie nasals, is, are oblong 
tubercles set deeply in depressions of the frontal, at the back part 
of the nostrils, <?, e. The preinaxillaries, 22, form the front and 
sides of these ajiertiires, save at the small p(.)rtion contributed 
by the maxillarics at y. The nasal passages descend almost 
vertically. The malar is flattened where it helps to form the 
orbit, and is covered by the maxillary : it sends backward a long 
and slender process, which articiilates with the zygomatic process 
of the squamosal, and forms the only lower lioundary of the orbit. 
The bony palate has a deep longitudinal channel on each side in 
some Dolphins. 

I n tlie vertical section of the cranium of the l*orpoise, fig. 2 H 7 , 
is shown the plane of the occipital foramen, 2, inclined from below 
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forward: tbe proportions of the inner wall of tlie cranial cavity 
contributed by the ex- 2, and super- 3, oceipitals, l)y the alisjhe- 
noid, 6 , the parietal, 7 , the orbitos[)liciioiil, 10, and tlie frontal, u : 
tlie small vacuity between the alisphenoid and cxoccii>ital is 
blocked up by the loosely attached petrosal. The right nasal 
^lassage is exposed, showing the proportion of the se])tnin formed 
by the vomer, i; 3 , and the coalesced prefront als, i 4 : the vomer 
extends forward to the middle of the uj)])cr jaw, whicli is chielly 
composed of maxillary, 21, and jircinaxillary, 22. The small pala- 
tines, 20, articulate with the vomer and maxillary, and send liack- 
ward thc^ larger pterygoids, 24 , which form with tlie vomer the 
internal or lower nostril, whilst tlie canal for the long conical 
larynx is contributed by the pterygoids, 24 , and a corresponding 
descending plate of the basisphenoid, c, and basioccipital, 1. The 
squamosal is excluded, as in Birds and lower Vertebrates, from 
the cranial cavity. The j[)rcfroutals in the Beluga {Delp/iia- 
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apterus) are large, and ascend into view at the hack ])art of the 
nostrils, where they coalesce with the frontals. The small nasal 
hones are wedged into an interspace between them and the iiontals 
at the summit of the nasal apertures. 

In llyperoodon the skull is remarkable for the developement of 
the outer border of each maxillary bone into a broad and lofty 
vertical crest, and for the backward prolongation of the posterior 
border of the same bones to the occnpital region, where it is de- 
veloped into what seems to be an occipital crest. In Platanista, 
the coiTesj)onding borders of the maxillary, after rising to the 
vertex, are reflected forward, converging, so as to overarch like a 
domed roof the circnmnarial part of the skull. In Huphyaeias 
this concave space is divided behind the nostrils by a verti(‘al 
ridge. J^uphysrtes simus ^ shows the opposite extreme to Palana 
and Physater^ in the dls[)roportionatc shortness of the rostral or 
‘ ])rcnarial’ to the cranial or ^postnarial’ part of the skull. In 
Parazlphim the vomer is singularly tumid and dense. 

The hyoid arch cojisists, in Balxmlda, of a pair of stylohyals, 
fig. 288, 38, ligamentoiisly connected with the mastoids, and 

similarly attached by fibrous re- 
presentatives of coratohyals, 30, 
to the pair of processes at (ho 
fore part of the basihyal, 4i. 
This large, broad bone is pro- 
duced outwardly into a ])alr of 
com])resscd bars, thicker than the 
stylohyals, and representing tlic 
thyruliyals. 

C. Pones of Limhs. — Hie claAMcle is absent. The scapula is a 
flat triangular plate, with one angle truncate to form the glenoid 
cavity for the hurnerns, and Avithout the *' spine ’ along the 
outer surface. In Palana, figs. 159, 289, 5i, the triangle is 
almost equilateral, with the side forming the base rather convex^ 
and the part supporting the truncate angle, somewhat produced, 
forming a ‘ neck.’ 1'he acromion, a, projects forAvard from the 
outer part of the neck near the anterior border. In Palmioptera 
the base is proportionally longer than the other tAvo sides, and 
fo]*ms a more convex border: in Pal. lonyimana, Rnd., the 
acromion is obsolete, and the coracoid is merely an obtuse ]wo- 
diiction of the fore part of the glenoid cavity. In the Cachalot 
(^Physeter), the convex base is the shorter side of the triangle, the 
vertical exceeding the antcro-postcrior diameter of* the scapula: 
the acromion is longer and larger than in Pahenidee, and there is 
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a lotig and slender coracoid. In Euj)hjjseteH the triangle is more 
equilateral, as it is in Ziphius and Ilyperoodmu In Ddphinldcc 
the convex base of the scapula is usually the longest of the three 
sides: the extension of the bone in the axis of the trunk is re- 


markable in the Gangetlc Dolidiiu 
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(^Plntanista\ in wliich the acromion 
projects mid-way between the an- 
terior basal angle and the glenoid 
cavity. 

The Immerus, figs. 159, 289, 53, 
290, «, is remarkably short in pro- 
portion to its thickness: the head 
is large, hemispherical ; bent very 
slightly out of the axis of the bone ; 
witli the outer or radial tuberosity 
feebly marked in most, rather more 
strongly in the Cachalots, and form- 
ing a deltoid tuberosity: the shaft 
1>ec.onies coinpressed and exp.anded 
toward the distal end, which has 
two ill-clefmed, flattened surfaces 
for syiidetmotic junction with the 
radius and ulna. The latter, ib. 55, 
usually sends backward an olecra- 
non ; but this is not develo[)ed in 
Platanista,Avhcre the ulna is broader 
and longer than the radius: usually 
the radius is the larger bone, as in 
lig. 289, 54 : both bones are flat- 
tened, shorter than the humerus in 
Cachalots and I*latanists, longer in 
Whale-bone Whales, Bottle-nose 
•Whales (ITijperoodon Ziphius) ^ 
(irampuses, Porpoises, Dolphins. 
The contiguous epiphyses of the hu- 
merus and autibrachials first unite 
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wuth their respective shafts: in an 

old Cachiilot and Ddphinus Tursio,' the radius and jdna are 
anchylosed with the humerus, fig. 290, a. In a Southern Whale 
the carpus, fig. 289, se, consists of seven ossicles: the first on the 


radial side answers to the scaphoid and trapezium : the second, 
in /). 7’?«?-.sw,*i.s wedged into a distal cleft between the radius and 


ulna, and corresponds with the limarc in the Chcloniau carpus and 
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that of the Orang: the third is very small, and represents the 
cuneiforrnc : the pisiforiiie is separated from it hy the junction of 
the unciforme with the ulna : the unciforme supports the rudiniciit 
of the fifth digit and part of that of the fourth: the magnum 
supports part of the fourth linger and a gre^at part of the third : 
the trapezoides is moved to the interspace between the tiiird ami 
second digits, but principally sup[)orts the latter. The metacarpal 
of the first digit, in Tiirsio, fig. 290, i, supports one small 
phalanx: the larger metacarpal of the second digit, ii, su])j)orts 
seven phalanges : that of the third, Tii, sup])orts five phalanges; 
the metacariial of the fourth, iv, two phalanges : the fifth, v, 
is represented only by a rudimental metacarpal bone. 

In the Gram]mscs, Porpoises, and otlicr second 

and third digits are also the longest, with the excessive number 
of jdialanges. Tlie filth metacarpal arti(‘ulates nearer to the anti- 
brachium thau the others do. In both the Porpoise and (jiram[)us, 
c. g., it is attached to the ulnar border of the carpus, is broader 
than long, and siip])orts one or two stumpy j)lialangcs : the 
first metacarpal is short and slender, but its base is on tlio 
distal border of the carpus. In the llyperoodon there are three 
carpals in the proximal row, and a second row of four small 
ossicles in the filmvcartilaginous matrix. The metacaiij)al of the 
pollex supports one phalanx : those of the second and tliird digits 
have each five phalanges : the fourth me- 
tacarpal has three; the fifth, which is the 
shortest of all, has two phalanges. In theCV- 
chalots and Zipltias, the fourth digit more 
nearly ccpials the third in length : in lUdmui 
mysticAitm^iv^, 159, iv,it rather exceeds the 
second, ib. ii, and, like it, the metacar])al 
suj)ports three phalanges ; the third meta- 
carpal, ib. Ill, having four phalanges, and 
the fifth, V, two : the first digit is the 
shortest, and consists of metacarpal only. 
In riatanista the first metacarpal has two 
phalanges, the other four each sui)port four 
phal anges, the fingers being of nearly e(jual 
length, and more divergent than usual, 
su|)porting a fin correspondingly ex 2 )andcd 
to its free trimcate end. 

Ill some Piked A\ hales {.BalxEuoptera^ihii first digit is obsolete, 
the tliird and fourth much longer tlian the second •and fifth. In 
Bal. lonylmana {^KyphohaUena, Esch.), the third and fourth each 
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support a metacarpal and six phalanges. All the digits in the 
entire Cetacean are enveloped in a common I’old of Intcguiucnt. 
The increase of the phalanges of certain digits beyond the number 
three is a remarkable instance of departure from the mammalian 
type and of afSfiiiity with the extinct enaliosaurs and fishes. 

In the Di‘lj)h.uiklcG there arc a pair of pelvic bones lajger in 
males than females, cliietly subserving the origins of the ^ cretitores 
penis ’and ^ clitoridis’; and which, tixerefore, 1 regard as ischial 
bones. In a female Ilj/peroodon 28 feet long, each ischium 
was 4^ inches long, straight, subtriedal, 8 lines in diameter. In 
Balama mysticetus tlierc is, besides the ischium, fig. 192, G3, a 
smaller, more slender and curved ossicle, which, being antei-ior 
to it, seems to represent a pubis, ib. 64 : the junction of the two 
bones cx])ands into a surface, representing the acetabuhim, to 
Avhich is ligamentously suspended a bone of similar length to the 
pubis, but thicker, and exjxanding, with some flattening, to a 
ti-ansverscly extended convex surface, like that at the distal end 
of a cheloiiian femur; ib. 65: to which is suspended a smaller 
rudiment of a tibia, 66. This is tlio simplest condition of the 
limb, or appendage, of the pelvic arch known in the Mammalian 
class.^ Tlierc is no outward indication of it in the AVhale. The 
little bones, of the relative size to the rest of the skeleton as 
shown in fig. 159, p. 280, are suspended beneath the last txvo 
lumbar veidcbrm, winch may thus be regarded as answering to 
the sacral in ({uadrupeds. 

§ 185. Skeleton of Slrenia, — In this class of marine Mammals 
the hind limbs are absent, as in Cetacea^ and the pelvic*, bones, 
where best developed, as in fig. 292, .y, h, retain the size and 
shape of the small contiguous costal arches. The texture of 
the bones is denser, the neck, though short, is longer than in 
the Cetacea^ and tlie vertebne are distinct: but the chief dif- 
ferences are found in the relative size and structure of tlie skull, 
and in the better dcvelopcmcnt of the bones of the pectoral limb, 
the digits of which arc not composed of more than the normal 
mammalian number of phalanges (compare fig. 292 with fig. 159, 
p. 280). The known existing rejxrescntatives of the Sirenian 
order are the Dugongs (^llalicore) and the Manatees {Manatus): 

the latest extinct form is the edentulous Sirenian, called ^ Stcllcr’s 

• 

* The bones described and fii;urcd in cli. t. v. p. 236, pi. xxvi., figs. 24 and 
25, were not seen m situ by Cuvier, but arc described as pelvic hones, on the au- 
thority of M. Dclalande, the Articulator, The discoverers of the rudiinental hind 
limbs, and authors* of lxv', observed the pelvic bones of the whale in situ (p. 151, 

tab. II.). 
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Sea-cow’ {Rhytina horcolh. III.), last observed in the arctic seas 
off the sliores of llering’s Island: the miocene extinct gemis 
(^Halitheriuni) lias left its remains in southern Europe. 

A. Vcrtchral Column . — In the Dugong, fig. 292, there arc 
7 cervical, c, 19 dorsal, d, and about 26 lumbo-caudal vertebne, 
L, s, CD. To the 29th vertebra, counting from the skull, the 
pelvic arch is suspended, characterising it as a sacral one, s, and 
leaving two lumbars in advance, the transverse processes of which 
long retain the suture indicative of their pleurapophysial part. 
The second vertebra, beyond the sacral, first supports a hicnnd 
arch, and this is continued to the fourteenth and fifteenth of the 
caudal series, which, if counted from the sacrum, would inchuh^ 
about twenty-four vertebne. Fig. 291 gives the characters of 
the transitional vertebrtc between the trunk and tail, especially 
as afi'orded by modifical ions of the hannal artdi. In the postei-ior 
dorsal vertebne, the pleiirapophysis, />/, is the solo ossified 
element of the luemal arch; it progressively shortens in the 
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16th, 1, 17th, 2, and 18th, a, vertebra^ retaining its mobility;; 
and, in the 19th, A, it shortens suddenly, but usually Avith more 
extended ossification in the sclerous basis of tlie rib tban is sIioavu 
in the figure. In the vertebne, n and c, the pleurapophysis, 
besides being short, becomes confluent Avitli the contrimi, as a 
transverse process,’ and characterises them as tumbar.’ The 
sclerous or tendinous continuations of the pleurapophyses into the 
abdominal muscles arc indicated by dotted lines. In the ver- 
tebra i>, the ossification Avhich extends the plcurajiophysis, pU 7, 
beyond tiic part, d, representing the transverse process, retains 
a ligamentous union therewith, and represents the Mlium:’ a 



SKELETON OF SIRENIA 


431 


lower ossification in the liremal 
arcli establislies a bony ^ luema- 
pophysis,’ h, and represents tlie 
‘ ischium.’ It is ligamentously 
counected at its lower end to 
its fellow, completing by sucli 
•= symphysis ischii’ tlie pelvic 
htemal arch. In the vertebra, 
K, the proximal part only of the 
plcurapophysis is ossified, as in 
the lumbar series ; and this is 
the case with the succeeding 
vertebrui : but the centrums ex- 
hibit, at their under surface, arti- 
culations for parts answering to 
tlie lower portion, A, of the hannal 
arch of the vertebra i). The 
parts in question, 9, lo, ii, /i, are 
severally united together by their 
lower or distal ends, at first liga- 
inent<;usly, but afterwardvS liy co- 
ossification, constituting inverted 
bony arches of the chevron shape, 
and which are serially homolo- 
gous with the bony lueinajiojihy- 
sos, h, of the pelvis, and the 
sclerous or cartilaginous Inem- 
apopliyses of the trunk : they are 
dislocated from their pleurapo- 
physes and approximated to their 
centrums, with a slight horizontal 
displacement leading to their 
partial articulation with that of 
the vertebra succeeding their 
own (see fig. 188, p. 299). These 
hasinapophyses, fig. 292, A, (ki, 
are not developed in the terminal 
vertebraa, the last six of which 
arc repre*scnted by horizontally 
fiattened centrums, c, sustaining, 
as in Cetacea, a horizontal tail-fin. 

The ribs of the dorsal verte- 
brte, fig. 292, pi, arc massive, 
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peculiarly so in the Manatees : the first in the Dugong has a long 
oblique process IVoni the inider part of the neck^ and a shorter 
process, terminated by a rough surface, from the inner border, 
two inche^s from the lower end of the rib. The first three or four 
pairs of ribs join, by cartilaginous luemapophyscs, the sternum, 
which consists of two bones and a xiphoid cartilage: the two 
sternebers coalesce into a single bone, of the borders of which the 
costal articulation occu|)y the middle third. From the thiru to 
the sixteenth dorsal, the ribs arc of nearly equal length. Many 
of the succeeding ribs liave a process from the posterior margin, 
simulating tlie costal appendages in llirds. The meta])ophyscs arc 
not develo[)ed so as to supersede the prozygapophyses, as in 
Cetacea, Tlic neural spines are of equal length and similar in- 
clination slightly backward. In the Dugong, iig. 292 c,thc atl 
has short par- and di- a|)ophyses, and the neural arch is ])er- 
(‘orated on each side near its anterior border : in the axis the 
transverse ])roccsscs are chiefly by diapophyses. In the fourth 
cervical, the right process was pierced by the vertebral artery ; in 
the seventh, the left ])rocess: the other dia]>ophyses were notched. 
The centrum of the seventh cervical has a facet on each side 
for the first pair of dorsal ribs. The side of the centrum 
of the first dorsal vertebra bears two articular facets; one 
of which is smaller than the other, looks forward, and receives 
a part of the head of that rib which articulates with the pre- 
ceding vertebra; the other looks backward, and receives a large 
share of the head of the second dorsal rib. The transverse 
])rocesscs are long and strong, and present on their extremity 
an articular facet which receives the tubercle of the first free or 
dorsal rib. 

In Manatas Amcricanus the ccrvicals arc also very short, but 
only four of these comprcvssed vertebne intervene bet\vicen the 
axis and tjic first dorsal : seventeen vcrtebrie support the move- 
able ribs, and arc followed by about twenty-two lumbo-caudal. 
vcrtel>ra^ : the hiemal arerh commencing at the lower interspace 
between the fourtli and fifth oF their scries. The pelvic bones 
are reduced, as in most Cetacea^ to an ischium giving origin to an 
^ ischio-cavernosal,’ and insertion to an ‘ ischio-coccygeal ’ muscle. 
In a half-grown Manatee I have seen the neurapophyses of the 
first twenty-nine vertebra? still suturally joined to their' centrum. 
Dut two pairs of ribs join the sternum, Avhich soon becomes a 
single bone, with a costal process on each side of the middle 
part. 

The vertebral characters kA* Bht/tin a agree in the main witli those 
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of existing ASire?naJ Stcller assigns to it six cervicals, as in 
Manatus, Nine pairs of ribs are said to liave joined the steninin. 

B. SliiiU. — The facial or rostral part of the skull, anterior to 
tlie orbits, is short, especially so in Manatafi, fig. in which it 
slightly descends: in JlaUchore^tig^. 292, 294, 22 , it is bent down 
more abruptly: in Rhytina the angle of tlie n])j)er contour of the 
rostrum is greater than in Alanatus^ that of the lower contour less 
than in IlnUchore, exemplifying, as in other ])arts of the skeletxr-, 
an intermediate character. All the skull-bones arc massive in 
Sirema, and, save in the in- 
stances of anchylosis, are 
somewhat loosely connected 
together. In the Dugong the 
l)asioccipita], fig. 294, 1 , is a 
Iriradiate hone, the two short 
rays <li verging posteriorly to 
join the exoccipitals, and 
forming the lower end of each 
condyle. The exoccipitals, 2 , 
almost meet above the fora- 
men niagnum : they have a 
short rough paroccipital [)ro- 
cess. The supcroccipital, 3, 
is early anchylosed to the 
parietals, which have equally 
coales(;ed into a single siib- 
([luulrate massive bone, fig. 

293, 7 , with the sides l)cnt 
<lown at nearly a right angle 
With the almost fiat up])er 

l>art, which is perforated by a ^foramen ])ai-ietale.’ A falciform 
ridge descends from the inner surface. 41ie l)asis|)hcnoid, fig. 

294, n, has coalesced with the alisphenoids, whi(di are grooved 
both behind and before, not perforated, by the trigeminal nerve. 
The massive i)terygoicls are anchylosed to the base of the ali- 
q)henoids: the ])osterior ends (»f the palatines, which are wedged 
Into the interspac.c between the onto- and ecto- pteiygoid pro- 
cesses, send upward a jiart which ajipears in the temporal 
fossa behind tlie maxillary. The ])rcsi)lienoid, as a compressed 
‘ rostrum,’ is wedged between the lamiiuo of the vomer, and has 
coalesced with tlie confluent orbitosjihenoids which it snjiports. 
There is no ‘ sella turcica.’ The orhitosphenoids are perforated 
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by widely sepai’atcd optic foramina: they are anchylosed witli 
the coalesced prefrontals, fig. 294, 14. The cribriform plates are 
lodged in dec|) fosste, between which is a crista galli. The fron- 
tals, 11, are not confluent ; their orbital processes extend far forward 
and outward from the anterior angles : tliey arc excavated below 
almost to the posterior margin by the rhinal cavity : the median 

angles of the nasal border arc 
slightly produced, but there is 
no trace of a suture there mark- 
ing out the proper nasals. The 
(M’anial plate of the frontal forms 
a small concave surface, not ex- 
ceeding the dc[)th and thickness 
of the ])Osterior part of the bone 
to which it is confined. A small 
|)art marked off by a fissure from 
the fore end of the orbital ])ro- 
cess rc[)rcsents an imjierforato 
lacrymal, fig. 292,/. 

The maxillary, fig. 294, 2j, is deflected anteriorly; its nasal and 
malar processes do not meet and circumscribe the great antorbital 
foramen, but this is closed by the up|)cr end of the malar bone, 20 . 
The jircmaxillary, 22 , is remarkable for its very large and long 
deflected alveolar ])ortion, and for its slender nasal portion, 
fig. 293, c: it is excavated by the deep alveolus of the incisive 
tusk, /. The s(|uamo-mastoid forms no part of the inner surface 
of the cerebral cavity, but is dee])ly and smoothly excavated for 
the lodgement of the dense petro-tyin|)anic. The mastoid 
forms a thixjk rugged jmocess, 8, wedged between the tympanic, 2 s, 
and paroccipital, 4. The zygomatic ])arts of both squamosal, 27 ', 
and malar, 2fi, form a strong arcb. The pctrotympani(5 fits closely 
the cavity in the squamo-mastoid, and partially closes the vacuity 
between it, the occipital and sphenoid bones ; the tympanic, 2S, 
describes two-thirds of a circle for the suj)port of the ear-druni, 
and is less than the dense otic capsule with which it is confluent 
at both ends. The stapes is an elongate, subcompressed pyramid, 
with a minute perforation near the base, and an ej)iphysis at the 
apex: the incus is also long and nari*ow; the malleus broad and 
bilobato. 

The mandible, figs. 292, 294, 32 , is deep in pro])ortion to its 
length : the coronoid rises mth a slight backward curve : the 
condyle is small and convex : the ascending ramus has a convex 
hind border, curving to an advanced feebly-marked angle: bc- 
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tween this and the deflected symphysial part the lower border is 
deeply concave: tlie sockets for the molar teeth, onginally five 
or six in number, like those in the maxillary, are J*cdnced to two 
or to one in the old animal : the deflected symphysis forms a flat 
oval surface anteriorly, with four or five ])airs of small alveoli, in 
one or more of which maybe an abortive incisor, fio*. KJO, d 
covered by tlie thick horny plate attacdied to the fiat rough sur- 
face ; the dental canal, beginning* ui advance of the ascending 
rannis, ends by a wide oblicpic o[)ening from which channels 
diverge on the outside of the deflected sym])hysi.s. 

In the Manatee, a large otocrane is also smoothly excavated in 
the mastoid, squamosal, and exoccii>ital bones, to wlii(di the 
])etrosal cAosely fits without coalescence, its postcn*ior surface ap- 
pearing in the space left between the mastoid, su])cr- and exoc- 
cipitals. The l)asi-splicnoid coalesces with the alisphenoids, ])rior 
to confluence with the basio(i(*ipital and ))resphenoid : the latter 
similarly coalesces with the orbitosphenoids, and is cojitinuetl, 
like a rostrum, into the vomerine fissure. I find no distinct nasals 
anterior to the frontal suture in the n(‘w-born Manatee; nor 
othci’ re])res(mtativ(»s of them than the small amygdaloid bones, 
fig. 239^ 13, 13, ai’ticulated to the frontals at the posterior angles 
of the nasal ajierture: this is large, subihoinboid, horizontal. 
The wide antorbital foramen is entirely surrounded by the maxil- 
lary, ib. ‘id. The siiliorbital ]>late of the malar rests upon the 
platform extending horizontally outward from above the anterior 
molars, and extends the floor of the orliit an inch beyond tlie 
roof, the eyeball resting u[)on the concavity of the malar, as on a 
shelf. The zygoma, ib. 27, is unusually massive. The prcmaxil- 
laries, ib. 2 >, in the young Manatee, show a alveoli for 

ahoiti VC incisors: a similar pair impresses the fore ])art of the 
niandibular sympbysis, and a slight groove extends downward 
from each. . The symphysis is dee])ly hollowed out bcliind. The 
corouoid is produced obliquely upward and forward: the angle of 
tlie jaw is not marked. 

The ossified })arts of the hyoid arch are the basihyal, lig. 294, 4i, 
stylohyals, 3s, and the tliyroliyals, 43 : the ccratobyal, 40, is carti- 
laginous : the ai’cli is suspended to the angles between the mastoid 
and paroccipital. 

C. Bones of the Limbs . — These are limited to the jicctoral jiair, 
and their sii])i)orting arch is reduced to the sca])nla, with a short 
coracoid as a tuberous process. The sca])ula, fig. 292, 5i, is suh- 
lengate, recuryed, with the convex anterior costa continued into 
the base, with an angle feebly marked in the Manatee. The 
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posterior costa is concave, deepest in the Dugong. The outer 
surface has a spine about half the length of tlie bone, marking oft‘ 
a broad pre-spinal, from a narrow post-spinal fossa : the spine 
is produced into a slender acromion in the Manatee, not in the 
Dugong. 

The humerus, ib. 53 , has the normal mammalian character, 
though of small size, with the head, tul)erositics, and deltoid crest, 
the twisted shaft, the cpicondyloid ])rocesses and intermediate 
trochlear articular surface, for synovial articulation with the 
coalesced proximal ends of radius, 54 , and ulna, 55 . The latter 
developes an obtuse olecranon : the distal ends of the antibrachial 
bones are extensively united and ultimately by bone. In the 
Manatee there are six earj)als, three in each row : the outermost 
and largest represents a cnnco-j)isiform, and articulates with both 
the ulna and the fifth metacar|)al. The trapezium and trapezoides 
arc represented by one bone articulating with the first and second 
metacarpal : the magnum supports the third, and the unciforme 
the fourth and part of the filth metacar])als. In the Dugong 
there arc but three carpals : the scaplio-lunar and ciineo-pisiforin 
in the first row, so, and a single transversely oblong bone repre- 
senting the second row, but leaMUg the major part of th^l)ase of 
the fifth metacarpal to articvulate with the cunci form. The pollex, \ , 
is represented by a styliform metacarpal: the other digits have 
each three j)halanges ; and most of the ungual ones, in Manatus^ 
su])port nails. All the limb-bones, like those of the rest of the 
skeleton in Si renin, are solid. 

The herlnvorous Slrenia have not to move far from their 
favourite localities for food ; they contrast, in that respect, with 
the Cetacea that pursue a living prey : hence the dilf'crcncc in the 
specific gravity of the bones, which in Sh'cnia is such as to re- 
quire an effort on the ])art of the animal to reach the surface of 
the water for breathing, but enables them to browse, at ease, the 
vegetation clothing the bottoms of their seas, estuaries, or rivers. 
The massiveness of the zygomatic* arches in the skull contrasts 
singularly with the slenderness of those parts in Whales: the 
pterygoid productions offer a similar difference : the external 
bony nostril is as remarkable for ex|)anse in Slrenia as for con- 
traction in CetacAau The movements of the head and jaws, in 
browsing, call for a flexibility of the short neck in Sirenia, in- 
comjiatible with the fixation of that ])art Avhich prevails in most 
Cetacea : the dorso-lumbar vertebrie are articulated by true zyga- 
pophyses, not metapophyses. The plcurapophyses are as remark- 
able for thickness and density in Sirenia, as in similar-sized Cetacea 
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for slenderness and oily porosity of texture. Although the bones 
of the pectoral limbs are swathed in skin, the fins project more 
freely from the trunk, the elbow is better inarkcd ; the liinlj-joints 
are synovial, not syiidesinotic merely, as in Cetacea ; and although 
there arc clearer iiidicatioiis of the digits in the fin of Sirenia, 
iiojie of the digits have more than three [dialanges. 

§ 186. Sheletou of Prohoscldia . — With the cxcejtion of a very 
vSinall cavity in the femur and tibia, a light caneello-rcticuiate struc- 
ture occupies the centre of the long bones, which have thick ami 
compact osseous walls. The skvdl-bones arc extensively jmeumatic. 

A. Vertehral Column , — In the giant mammal of the laud, as in 
that of the sea, tlic neck is short, and through loss of le Mgth, not 
of number, of the cervical vertebrie. In the Indian Elephant, 
fig. 162, the vertebral formula is: — 7 cervical, c, 20 dorsal, J>, 
.‘1 lumbar, 3 sacral, and 31 caudal. Anapophyses are developed 
from the sixteenth dorsal, and articulate with meta})ophyses from 
the seventeenth. The same joints are sn})era(lded to the ordinary 
articular processes, as far as the last lumbar. Five ])aii’S of‘ ribs 
directly join the sternum, which consists of four bones. The 
epiphyses continue detached from the bodies of the vertebne to 
nearly full growth. 

Ill a half-grown Elejihant, the neurapo]>hyses of the atlas arc 
distinct from the hypa])ophysis,and united to each other above by 
suture : the centrum is also distinct, but attached to that of the 
axis, of which it ibrms the ‘ odontoid ’ process. The neurapophyses 
dcvelope both upper and lower transverse processes, which circum- 
scribe the vertebrarterial foramen. The same is the case with the 
neurapophyses of the axis, whiidi blend together above and de- 
velope a thick bifurcate spine before coalescing witli the centrum. 
The removal of the terminal epiphyses of the short fiat bodies of 
the other cervicals shows that the upper fourth of the body is 
contributed by the neurapOY>hyses, the rest by tlie centrum. In 
the fifth cervical vertebra, a .short and slender s|)ine is developed 
from the summit of the neural arch. The antroverted costal part 
of the transverse process is connate with the parapophysis, and 
atlerwards coalesces with the diapophysis. In the seventh cervical 
vertebra, the transverse processes consist of iliapophyses only. 
The artici]lar surface for the head of the first free or dorsal rib is 
formed, half by the neurapophysis, and half by the centrum. The 
neural spine has much increased in length, but is slender. 

The first dorsal vertebra is remarkable for the strength as well 
as the height of the neural s])ine. The diapophyses arc shorter 
and thicker than in the neck. The surfaces for the first and 



4S8 


ANATOIVIY OF VERTEBRATES. 


second ribs meet at an acute margin below ; they are formed as 
in the preceding vertebra. In the fourth dorsal vertebra, the 
spine is still more remarkable for its height and strength : th (3 
vertebral body has a greater antero-postcrior thickness, but the 
anterior and jjosterior costal surfaces still meet below. A larger 
proportion of these surfaces is contributed by the neurapophyses. 
In the ninth dorsal vertebra, the posterior costal surfaces, which 
are almost exclusively formed by the neurapophyses, arc separated 
by a non-articular tract from the antcjdor ones. 

The sixteenth dorsal vertebra shows only a single pair of costal 
surfaces, which are wholly formed by the neurapophyses : the 
nieta|)ophyses are well developed. In the remaining dorsals the 
costal surfaces decrease i»i size. The first and second ribs are 
almost straight, and expand to join their short sternal parts : as 
the ribs lengthen, they preserve their slenderness, and arc straightcr 
at their lower halves than usual; the vertebial third is bent, sul)- 
cylindrical, and grooved anteriorly. The lumbar diapo])hyses are 
short and depressed. The neural sj)ines of the dorso-lunibar 
series incline backward, gradually decreasing in height, and in- 
dicate no centre of inflexion in the capacious well-ribbed trunk. 
The thick sides of the three sacrals which join the ilia consist of 
pleura])()|)hyses which coalesce with both centrum and neural 
arch. The neural spine subsides after the sevcntli or eightli 
caudal: diapopliyses (jontinuc to the twelfth, and zygapophyses 
to the fifteenth: tlie rest are reduced to tl^p centrum. 

B. ShaU , — The cranial much exceeds the facial part in size : 
its upper [)art forms an expanded dome: but a section, as in 
fig. 296, shows that the cavity for the brain occupies but a small 
proportion of the I)ack part of the dome’s base : the rest being 
formed by air-sinuses, bounded by plates of bone, extending 
between the remote outer and inner ‘ tables ’ in the form of sinuous 
plates so disposed as to give greatest strength with least material. 
The occipital condyles are small, approximate below, and project 
backward from the upper half of the posterior surface ol‘ the 
skull. The occipital slopes as it rises to curve forward to the 
vertex, and more so in the African than in the Indian sjiccies. 
The position of the epencephalic compartment of the cranium, 
fig, 296, e, the suspension of the malar bone, fig. 295, 26, in the 
middle of the zygomatic arch, the size and connections of the 
premaxillaries, 22 , and their deej) and large alveoli for the single 
pair of incisors, recall characters of Rodentia. The cranial sutures 
become obliterated ; but examination of the skull of a very 
young Elephant (Indian) has enabled me to giyc the following 
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details: — The basioccipital is notched beliind, and con tributes 
there the lower ends of the occipital condyles : it increases in 
tliickness as it advances to form the flat rough surface for 
junction with the centrum in advance (basls])henoi(l). There is a 
rough depression on each side of the under surface for the inser- 
tion of the ‘recti capitis antici.’ The exoccipitals forin small, 
inferiorly apjnoximate condyles, fig. 295, 2 , have no [irccondyloid 
foramina, and do not develope ])aroc^ipital processes : tlicy meet 
above to complete the foramen niagiuim. Tlie super()C(.‘ipital is 
much expanded, and supports tAvo siniplementary bones (inter- 
parietals): it is deeply impressed by the insertion ol the liga- 



vneiitum nucha]. Tlie basisphenoid has coalesc.ed with the ali- 
splicnoids, Avhich are separated from their neural s[)inc (pariet- 
als, 7) hy the intercalated squamosals, < 7 . Idie ])terygoid processes 
are long, mncli expanded and excavated antejiorly, and are per- 
forated at their base. The alisphcnoids arc j)crforalcd by a wide 
‘ foramen, ovale.’ The basisphenoid a\ hen united witli the |)re- 
sphenoid receives air into the cells Avitli Avhich tlic bmie, as it 
acq\iircs vertical extent, is excavated. The vomer retains its 
character as a vertical plate, fig. 290, la. The orbitosphcnolds 
have coalesced Avith each other at their l)ase, and also with the 
]>refr()ntals (lanf^injc media] scthinoidci) : they arc perforated f)y the 
optic foramina, g.nd notched posteriorly for the foramen rotundmu. 
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The portions of tlic olhictoiy oa 2 )SuIe closing tlie anterior orifice 
of the cranial cavity form extensive ^cribriform’ jJates. The 
frontal, fig. 295, ii, is excessively expanded l)y the air-cells, fig. 
296 ; its hind l)order is convex, its front one concave, and ex- 
tended outward to fonn the su])erorl)ital ridge. The nasals, i;j, 
arc short, triangular, and pneumatic: they ultimately coalesce 
with the frontals. The mastoid is confluent with the squamosal, 
and, bending forward to near the back part of the zygomatic pro- 
cess, circumscribes the meatus auditorius cxtcnuis. The tympanic 
com[)lctes the umav ])art of the meatus, contributes to the back 
2 )art of the glenoid cavity, and exjmnds into a broad horizontal 
plate supporting the lajge ear-drum: it early coalesces with the 
j)Ctrosal. The aj)ex of this bone is grooved by the eiito-carotid. 

Tlie epcnccphatic comj)artmcnt of the cerebral cavity, fig, 
296, c, as in Lissenttrphala^ is wholly l)ehind the pi*os- and mes- 
encei^halic ones : the rhinencejJialic compartment is wcill definoil. 
The ‘ sella ’ has slightly-marked clinoid processes. The orlnts 
arc continuous with the large temporal fossa*. The palatines 
form the posterior half of the iiitermohir 2 )art of the roof of the 
mouth, and bound the hinder nostril ; they soon coalesce with the 
2 )terygoids and maxillaries, 21 : these are remarkable for the large 
propoi-tional size of their alveolar part, in advance of which the 
bone extends iq)ward to be wedged between tlie Irontal and pre- 
maxillary, downward and forward to strengthen th(j socket of the 
tusk, and backward to form the anterior pier of the zygomatic 
arch and the lower part of the orbit. The maxillary is perforated 
by a large antorbital foramen. The ])remaxillary, figs. 152, 
295, 22 , maiidy consists of the part which lodges the base of the 
great tusk : but its ascending ])ortion reaches the frontal, 11 , and 
exeludes, as in Jtodents, the maxillary from the nasal : the alveolar 
part is grooved mesially by the long incisive canal. Both maxil- 
lary and premaxillary are pneumatic, fig. 296. The mandible, 
lig. 295, /, is short, the ascending being as extensive as the 
liorizojital ramus, and being also excavated for the formative 
alveolus of the succeeding molar. The condyle is small, convex, 
rising aV)ove the coronoid 2 )roccss, which is low and projects 
obliquely forward. I’lic dental canal is wide in reference to the 
unceasing supply of material for the growth of the great molars. 
The syiiqdiysis is short, small, pointed : in some extiiict l^robos- 
cidians it was excavated for the alveoli of a pair of tusks ; and in 
one aberrant form {Deinothermm) the symjdiysial tusk-bearing 
j)art of the mandible was enlarged, lengthened, and deflected. 

The bony nostril, formed by tlic nasals and prcmaxillarics, in 
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sinall^ transversely siib-bilobed, and elevated in position. The 
rhinal cavity expands as it extends backward to be divided l^y 
the vomerine septum, fig, 290, is. The inferior turbinals are 
slightly-curved laminic, one on each side the lower border of the 
‘ lamina perpeiidicularis/ where is the aperture admitting air to the 
>singu]arly extensi ve ])ncumatic structure of the skull. The lacry- 
inal is a small ])rotuberant imperforate bojie, serving (:*hietly to 
give attachment to the tendon of the^‘ orbicularis palpebrarum.’ 

From the middle of the styloliyal a slender pointed process is 
scut otf at an acute angle. There is no bony (;eratohyal. The 
basihyal is transversely extended ; and articulates at each end to 
a gristly e])ihyal, and a long bony thyrohyal. The base of the 
stapes is an oval (ionvex [)latc, with a marginal groove: one crus 
is thinner than the other, and it is very. slender. 
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Skx'k’ton of tlio Mastodon 

§ C. Bones of the Limbs, — The scapula, of the elephant, figs. 
162, 297, 51, is second only to that of the Mcgatherloids, fig. 
279, 51, in the j^roportion of breadth to length (dorso-humcral 
diameter): but the margin answering to the ‘ ini^erior costa’ of 
anthropotoiny, instead of being the longest, as in the Megathcre, 
is the sliortest : it is very concave : the ^ base ’ is convex or bent 
at almost a, right angle ; a thick epiphysis is attached to its 
border ; the spine extends into a short pointed acromion, and, as 
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in some Rodents, sends down a process : the coracoid is a mere 
tuberosity : tlie glenoid cavity is shallow, tAvice as long as broad : 
it looks downward, the ,scai)ula rising vertically above the hii- 
inenis. 

The humerus, ib. 53, has the great tuberosity extended antero- 
posteriorly, and rising above the sessile hemispheric head of the 
bone : the deltoid ridge descends below the middle of the l)one : 
the occipital groove is deep : the ectocondyhir ridge rises straight 
for one-third the length of the Iniraerus, and forms a low angle 
before subsiding upon the shaft. The distal articular surface is 
a simple shallow trochlea. The proximal epiphysis is in two 
parts, one capping the head, the other the great tuberosity : tlie 
distal e])iphysis is single. The centre of the shaft is almost 
wlicdly occupied by a delicate canccllo-reticulatc structure. 

The antilu’achial bones are distinct and cross obliquely, the /v/.- 
dins passing in front of the ulna to the inner side of the carpus, 
as in tlie Megathere : but the prone ])osition of the fore foot 
cannot here be changed; for the head of the radius, fig. 297, 55 , 
is wedged between two processes ol* the ulna, il). 54, and the ex- 
panded distal half has a rough ligamentary union with that bone. 
The jwoximal artievdation with the humerus is transversely elon- 
gate, i)artly convex and partly concave. The ulna is the larger 
bone ; its olecranon is thick and convex ; the lU’oxirnal epiphysis 
covers only this ])ro(’!Css : the distal one forms the articulation 
for both radius and carpus. This segment includes a small sca- 
phoid, fig. 297, s, a larger lunare, /, cunei forme, c, and pisiformc, 
with the usual four bones of the distal row. In the scajdioid, 
tlie small surface for the radius is remote from that which joins 
the trapezium, t, and trapezoides, d, Tlie vsinglc surface of the 
pisiformc has two facets, the smaller of which joins the ulna. 
The trapezium extends along half the metacarpal of the index. 
The iihalanges, two in the first and three in each of the other 
four digits, are liroad and short, es]iecially the last, wdiich is^ 
firmly encased in the corresponding division of the hoof. 

The hind limlis and pelvic arch present opjiositc projiortions to 
those in the Alcgatherioids ; the skeleton of the extinct Probos- 
cidian leal-eater, fig, 297, contrasts singularly in this respect 
with that of the extinct Megatherioid one, figi 267. To both 
these giants among land qiiadnipcds the forests of the primeval 
world afforded sustenance ; hut their ways of obtaining it were 
(liflTerent, and called for prejamderance of developement in the 
hind part of the skeleton in the one, and of the fore part in the 
other. The pelvis descends vertically at almost a right angle 
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with the trunk, fig. 162, g 2, the ilia forming with the lumbar 
scries an angle of 120°: the ischiuin and })ul)is are sliort, and 
form a symjdiysis, fig. 298;^ f/, the axis of which runs at an angle 
of 100° with that of the ilium. This hone arches out from its 
sacral joint almost transversely, the thick rough crista descending 
with its angle, a, produced to a level with the acujtahiduin : the 
anterior or abdominal surface is concave. The iscliium, f\ has 
tljc tid)erosity, c, directed 
dorsad : the puhis shows 
a ]>eciincal ridge, A. The 
sciatic notches arc widely 
oj)en : the obturator fora- 
mina are smaller than the 
acotahida, the planes of 
which iiiclinc from the ])er- 
pendi(mlar about 70°, — a 
favourable ])()sition i*or trans- 
mitting the weight u|)()n 
the heads of the remora : 
these, as in the Megatbere, 
have no round ligament, and 
the acet.abulum is siinjilificd 
accordingly. In a young Elephant I have ol)sorvcd an accessory 
|)elvic ossicle wedged between the ischium and pubis behind the 
acctabuluin. 

The gr('at trochanter does not rise so high as the head of the 
ffumri the small one is almost obsolete: the post-trochanterian 
fossa is shallow: the shaft, figs. 102, 297, on, is straight, simple, 
and compressed from before backward. The rotnlar trochlea is 
subsyininctrical, oc.cupying one-third of the breadth of the distal 
end: the condyles are divided by a dee]) jopli teal cavity. The 
proximal e|)iphy?^is consists of the ])art forming the articular ball 
and that forming the trochanter. The medullary artei-y enters 
the back |>art of the Iowan* third of the shaft, and ascends to a 
very small mcdrdhiry cavity. 

The tw^o proximal articular surbices of the tibiae ib. 06, are 
transversely oval, separated by a conical prominenc.e : there is a 
large rough depression in front of the head of the bone : the 
niiddie of the shaft is tricdral, the hinder surface is very concave 
superiorly. The distal artlcidar surface is semicircular, convex 
behind, and rising externally on the shaft to give articulation to 
the fibula. The medullary artery ]>asses transversely from the 
back of the shaft forward to a small medullary •ca\ ity. The 
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fibula, 67, retains its distinctness from end to end in the Probos- 
cidian Ungulates. The patella, ee', is slightly convex lengthwise, 
and concave transversely at its articular surface. The bones of 
the foot arc described at p. 309, fig. 1 93. 

§187. Skeleto'ii of Pin'lssodactyla. — A. Vertebral Column, All 
the existing, and so far as is knoAvn the extinct, species of this 
order have inorc than nineteen dorso-lumbar vertebrie. The 
Tapir ( Trt/;/?*//,? ^//mT/6Ynz?«.v, fig. 299) has 7 cervical, 18 dorsal, 
5 lumbar, 6 sai'ral, and 13 caudal vertebrae The pleurapophysial 
l>art of the transverse ]>roccss extends forward in the third cer- 
vical, and underlaps that of the second : the coiTCsponding part 
of the transverse process progressively expands in the succeeding 
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vertebne to the sixth, whei’c it forms a broad hatchet-shaped plate 
of bone directed downward and a little outw^ard. In the seventh 
cervical the transverse process consists of a dia}) 0 ])hysis <mly, and 
is therefore imperforate. In the anterior dorsal vertebrae the 
base of the neural arch is perforated on each side by the spinal 
nerve. In both these and the cervical vertebne the fore part of 
the centrinn is convex, the hind part concave. 

The neural spines gain rapidly in height to the third dorsal, and 
gradually shorten to tlic eleventh ; after which, they increase in 
fore-and-aft extent, and, from slightly inclining backward, be- 
come vertical. Eight [)airs of ribs directly join the sternum, 
which consists of seven bones, w’ith the xiplioid cartilage. The 
transverse processes of tlic last two lumbar and first sacral vertebrie 
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are articulated to cue another. Only the first two of tlie anchy- 
losed sacrals afford articular surfaces to the ilia. Sometimes a 
coalesced caudal adds a seventh vertebra to the sacrum. The 
atlas has a recurved hypapophysis : its articular cuj)s are deep: 
the base of the transverse process is twice peri/orated by the 
vertebral artery, the anterior hole opening upon the groove 
which leads to the foramen in the neural arch cojiimon to the 
vertebral artery and the first spinal nerve. 

In the Rhinoceros, fig. 165, the vertebral formula is — 7 cer- 
vical 0, 19 dorsal i), 3 lumbar, 4 sacral, and. 22 caudal. In the 
atlas, the hypaj)ophysis develo])es a process from the lower part 
of the anterior surface. The neural {n*(*h is ijerf’orated trans- 
versely l)y the vertebral artery. In the axis the centrum supports 
a simple diapo])hysis, inclining downward and bacIvAvard. The 
neural spine is thick, short, tuberciilated, and divided by a deep 
and broad groove into two : tbe up})er part of the spine is pro- 
longed obliquely upAvard, giving the whole a trifid character. 
The pleurapophyses, from the fourth to the sixth cervical ver- 
t(>brie inclusive, have the form of broad subquadrate j)lates: in 
the seventh the diapophysis oidy is develo])ed, and the transverse 
process is consequently iin])erforate. The S])inc of this vertebra 
suddenly acquires great increase of length, which continues more 
gra<lually to the second and third dorsals, beyond Avhich the 
si)incs shorten, but gain in antero-postcrior extent to the eleventh 
dorsal, beyond Avhich they continue of the same size, shape, and 
iiiclination to the lumbar region. A metapoj)hysis rises in the 
fourth dorsal from the back of the (lia])o])hysis, from which it 
becomes distinct in the sixteenth dorsal. The diapophysIs, which 
gradually subsides in the dorsal, reappears sudderdy in the first 
lumbar: it becomes shorter in the second; and still more so in 
the third, in which it is very broa<l. 'Fhe loAver edge of the dia- 
pophysis of the second lumbar articulates Avith the u])j)er edge of 
the diapoj)hysis of the third, and the third articulates in the same 
manner with the first vertebra of the sacrum. Tlie inetapophyses 
arc distinct, and are situated on the anterior zyga])ophyses in the 
first two lumbars : in the last they have become rudimental, and 
almost obsolete. The centrum is strongly convex anteriorly, and 
concave behind, in the cervical vcrtebrie ; the dorsals are opis- 
tlioccelian* in a less degree. 

The ribs are slender in proportion to their length, and more 
curved than in the Ele[)hant. In the first rib the tubercle is 
large, Avith a corresponding articular surface: both this and the 
second arc almost straight, become expanded distally, and have no 
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groove on the y)osterior margin. The twelfth rib is the longest, 
measuring three feet. In the nineteenth rib the articular surfaces 
of the liead and tubercle arc almost confluent, and the shaft de- 
creases in thick)iess distally : its length is one foot four inches. 

In the sacrum the articular surface for the ilium is formed by 
the first three of the four coalesced vertcbi’ic. The metapophyscs 
are distinct in the first two. The neural spines are long, strong, 
and tubercular at the end ; the last curves very much backward. 
The three interarticular cartilages between these four vertel)ra^ 
long remain unossified. In the caudal series the neural canal 
does not extend beyond the seventh vertebra. 

The litth^ Hi/rax has not fewer than twenty-nine, or even 
thirty, dorso-lumbar vertebne. In the twenty-two dorsal ver- 
tebrie of the skeleton of IL capensls^^ the spines incline toward 
the thirteenth, which is vertical, and indicates the centre of motion 
of that ])art of the trunk. In iheir forms and ])roportloTis they 
resemble those of the llhinoceros. Seven or eight pairs of* ribs 
directly join the sternum, which consists of six l>oncs. Tlie meta- 
po])hysis commences on the third dorsal, and attains the outside c)f 
the zyga])0])hysis on the fifteenth: it exceeds the diapophysis in 
length in all the posterior dorsals. In the eiglith lumbar verte- 
bne the diapophyses suddenly acquire great ])readth, and gradually 
increase in length to the last lumbar; the metapophysos are con- 
tinued throughout the series. No anay)ophyses are developed. 

Tlie traiisv(irse [n-ocess of the atlas is y)erforated vertically at 
its fore y)art by tlie vertebral artery, which afterwards perforates 
the neural arch. Tlie liypajioydiysis developes a short ])roeoss. 
The sim|)lc transverse [aoeess of the dontata is perforated at its 
base for the vertebral artery, and the neural arch is perforated on 
each side by the second cervical nerve. The pleura] )ophysial 
part of the transverse ])roccss is much expauded in the third to 
the sixth cervical vertebne inclusive: I liave found it waiitiug (ui 
tlie left side ot the seveuth vertebrae, Init yiresent as a distinejt 
element, or nidimental cervical rib, on the rigid, side, Avlicre it 
comydetes the foramen for the vertebral artery. The saero-caudal 
vertebrae are fourteen in number, of which the first three articulate 
with the ilia, and tlie four succeeding have transverse yirocosses. 

in an extinct S. American Perissodaetyle ( Macraiiclieiiia),^ 
the cervical vertebrie arc remarkable for their length, as the 
name implies; also for the flattening of the terminal articular 
surfaces, and the imyicrforate character of the transverse yiroeesscs, 
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the vertebral artery entering the neural (‘anal and ])cvforating 
tlic neui-apopliysis^ lengthwise. The transverse processes of the 
last lumbar present each a concave articular surface to corre- 
spondhig convexities of those of the sacrum.’ 

In the Horse, fig. tlOO, the vertebral formula is — 7 corvical, 
19 dorsal l), 5 lumbar, a, Z>, c, d, c, o sacral,/—/, and 17 caudal, 
p — r. Eight pairs of ribs directly join the sternum, which con- 
sists of seven bones and an ensiform cartilage. The neural 



JiVchcs of the last five cervical vertebnu expand al)ove int(j flat- 
tened, subquadrate, horizontal plates of l)ouc, Avith a rough 
tubercle in place of a spine: the zyga|) 0 [)liyses are unusually 
large. The ])erforated transverse [)rocess sends a })lonrapoj)l^'sis, 
z, downward and forward, and a diapophysis, r, backward and 
outward, •in the third to the sixth cervicals inclusive : in the 
seventh the diapoj)hysial ])art alone is developed, and is imper- 
forate. The neural spines suddenly and considerably increase in 
length in the first three dorsals, and attain their greatest length 

’ xcv. |)1. viii. \yh. 
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in tlie fifth and sixth, after which they gradually shorten to the 
thirteenth, and continue of the same length to the last lumbar. 
The metapophysis, commencing as a tuberosity above the diapo- 
physis, passes gradually from that part to the outer side of the 
prozygapophysis, which it finally attains in the seventeenth dorsal 
vertebra, and continues in the same i)lace throughout the lumbar 
series. There are no ana}) 0 ])hyscs. The lumbar dia]) 0 ])hyses are 
long, broad, and in close juxtaposition ; the last presents an arti- 
cular concavity ada])ted to a corresponding convexity on the fore 
part of the diapophysis of the first sacral. 

The cervical vertebrie, though shorter than in Macrauchcnia^ 
arc longer than in other Perissodactyles, and rise with an arch to 
supjort the head : the joints of the centnuns are 0 ])istho(Hnlian. 
In the third cervical the pleiira])Ophysis is developed below th(^ 
arterial canal, and extends forward, outward, and downAvard. 
The neural S[)ine, y/, lias subsided to a low rough ridge. Tlie 
hypapopliysial ridge and tubercle, (?, are avcII marked, as are also 
the anterior convexity and posterior concavity of the centrum. 
The inner surface of each ncurapojihysis is jiierced by a small 
canal in the same place and direction as that Avhich transmits the 
vertebral artery in Macrmiclienia\ but the artery traverses the 
base of the transverse process in the Horse, as in most other 
mammals. In the axis the neural spine, k, is a strong but low 
rugged ridge, wliich bifurcates posteriorly, and sidisides upon the 
zygapophyscs. The diapophyses arc short and triangular, with 
their bases perforated l>y the vertebral artery. A strong ridge 
on the under ])art of the centrum leads to the hypa])ophysis, h. 
The posterior articular surface of the centrum is deeply exca- 
vated. In the atlas, c, the anterior articular caviti(^s do not meet 
below : the diapojiliysial ridges, a, bend doAvn, forming large con- 
cavities: the vertebral artery twice ])icrccs their base, Avhich is 
also traversed by a canal leading to the neural canal, anterior to 
i^which the neural arch is perforated on each side. I'he hypapo- 
physis dcvelopes a strong tubercle. 

In the skeleton of a Quagga (^E(Juils I have observe<l 

19 dorsal, 6 lumbar, 5 sacwal, and 18 caudal vertebra); in tliat of 
a Zebra {fujuus Zchra), 18 dorsal, 6 lumbar, 5 sacral, Jind 17 
caudals ; Avhilst in the skeleton oi* an Ass ( Equus Asiuus), there 
were 18 dorsal, 5 lumbar, 5 sacral, and 17 caudal vertebra). The 
sixth lumbar, fig. 299,/, becomes the first sacral by coalescence. 

B. SkulL — Some common characters of this j^art of the skeleton 
in Perissodactyles are given at pp. 283, 284. In the Malayan 
Tapir {^Tapirus indiais\ the paroccipitals are com])resscd and 
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sliglitly incurved : they arc strengthened by a long post-tympanic 
process, developed from the squamosal and articulated to the fore 
j)art of the base of the paroccipital, so as to circumscribe a spa(*e 
occLipicd by the true mastoid which is confluent with the petrosal. 

One or two vacuities are left in this space for the exit of veins. 

The post-glenoid process is much dcvelo])ed. The base of the 

])tcrygoid process is perforated lengthwise by the ectocarotid ; the 

apex is slightly recurved, and unites with the palatine by a 

squamous suture. The cn- 

topterygoids are tliin, small, 

curved lamclhn applied to 

the inner side of the base rr ' ■ 

of the pterygoid processes, 

and uniting with each other - - yr. 

below, and clear of, the pre- A ^ 

s])hcnoid. The major part ' j 

of the palatine enters into 

t.1ic_ formation of tlie large sk„n of aouX,, 

oblique hinder aperture of 

the nasal passages : the smaller anterior division completes the bony 
])alate which tenni nates behind between the first and second true 
molar. The hicrymal canal commences by two distinct orifices. 

The bases of the nasal bones are deeply grooved, and articulate with 
the frontals parallel with the back part of the orbit. There is no 
siiperorbital foramen or canal. The prcmaxillarics terminate 
beliind at a considerable distance from the elevated nasals. In 
the American Tapir {Taphits Amerlmnus\ fig. 301, the siiper- 
0(*.cipital is narrower and more dcc]>ly excavated than in the 
Malayan Tapir: a smaller proportion of the petromastoid is 
visible between the cxoccipital and squamosal, //: the frontals, ii, 
arc less expanded and less elevated above the nasals, is. The 
petromastoids fit, but not closely, the vacuities on each side the 
l)asi()ccipital. In the cranial cavity the rlvincnccphalic fossa isjfljk 
well defined. 

In the (Sumatran) Rhinoceros, a smaller proportion of the 
palatine bones enters into the formation of the bony palate than 
in the Tapir; they chiefly form the sides of the hinder nasal 
aperture, the anterior boundary of which is ox>posite the first true 
molars. The pterygoid processes are perforated at their base, 
lengthwise, by the ectocarotid arteries. The nasofrontal suture 
is in advance of the orbits. The postglenoid process is long, 
subtriliedal, and obtuse: the post-tympanic process takes the 
place of the mastoid and is here a strong quadrate process 
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applied to the base of tlic paroccipital. The orbits are very 
obscurely marked off from the temporal fossic: there is no 
postorbital ])rocess. The lacrymal canal commences by two 
apertures defended by a rough protuberance of the la(;rynnil 
bone. Tliero is a well-developed j)it for the origin of the in- 
ferior obli(|ue. The prcmaxillaries arc small and do not join 
the nasals. •^The air-sinuses extend from the frontals to the 
superoccipital ridge. 

In the Indian Khinoceros {Rhinoceros Tndicusy fig, 302), the 
bones, 3, 7, ii, 15, forming the expanded neural spines of the 
3 Q 2 cranial vertebra), are so 

curved, that the summit o(‘ 
the superoccipital, 3, and 
the centre of the nasals, 15, 
form the tAvo pillars from 
which arc sus|)ondcd th(‘ 
parietals, 7, and frontals, ii, 
forming an inverted arcli. 
The highest ])art of tlie 
nasals shows the rough flat- 
tened surface for the attatdi- 
ment of the horn : from 
which part they curve 
The prcmaxillaries, 22 , arc small, 
supj)ort a pair of incisors, articulate with each other and tin; 
maxillaries, and terminate remotely from the nasals. In the 
African two-horned Khinoceroses, the prernaxilhirics arc almost 
obsolete, and usually edoJitulous in the adult. 

In certain extinct Khinoceroses the septum narium was partially 
{Rh, leptorhinns^ ^ or wholly {Rh, tlchorrhinu}>^ ossified. The arti- 
culation betAvecn the basi- and pre-sj)hcnoids long remains. There 
is no interparietal. The entoptcrygoid SAvells into a tuberosity, 
pid overlaps the palato-ptcrygoid suture. 

In tlic Hyrax the elements of the occipital bone arc late in 
coalescing. I have seen an interparietal wedged into tlie back 
])art of the sagittal suture, and also the u])})cr half of the super- 
occipital detached from the rest. Tlie ascending process of 
the malar articulates with the postorbital process which is 
formed liy both the parietal and frontal bones. The"tym])anic, 
Avhich forms flie bulla ossea at the basis cranii, has not coalesced 
with the petrosal. The hinder halves of the palatines enter into 
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the formation of the palato-nares. The lacrymal canal commences 
by one or two foramina, defended by a process. The maxillary 
forms the floor of the orbit, as in the Rhinoceros and Tapir; but 
the prcmaxillaries join the nasals. Tlic lower jaw, 7, is reiuai k- 
able for the backward expanse of the ascending ramus. The 
coronoid process is ])erforated lengthwise at its base. 

If the equine skull, fig. 303, be compared with that of the 
Rhinoceros, the basioccipital will seen to be narrower and 
more convex. The mastoid, s, intervenes, as a tubeivms pro(*ess, 
between the post-tym|)anic and j)aroccipital processes, clearly 
indicating the true nature of the post-tympanic in the Rhino- 
ceros; the Tapir shows an intermediate condition of the mastoid 
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lietwcen the Rhinoceros and Horse?. The laltcr diflers from both 
the Tapir and Rhinoceros in the outward production of the roof 
of the orbit and the comjiletion of the bony frame of that cavity ; 
behind l)y the junction of the postorbital process, 1 , 2 , c, with the 
zygoma, r: Eemus resembles Macrauchnda in this pai’ticular. 
The temporal lossa, 7, is small in proportion to the length of the 
skull : the base of the postorbital process is perforated by a 
snperorbital foramen, h ; the lacrymal canal begins by a single 
foramen. The premaxillaries, 22 , extend to the nasals, 15 , and shut 
out the maxillaries, 21 , from the anterior aperture of the nostrils. 
The chief marks of affinity to other Pcrissodactyles are seen in 
the shape, size, and formation of the jxisterior aperture of the 
nostrils, the major part of which is bounded by the palatine bones, 
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of which only a small portion enters into tlie formation of the 
bony palate, which terminates behind opposite the interspace 
between the penultimate and last molars. A narrow groove 
divides the palato-ptcrygoid process from the socket of the last 
molar, as in the Tapir and lihinoceros. The pterygoid process 


has but little an tcro-pos tenor 
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extent: its base is ])erforated 
by the cctocarotid. The en- 
toptery golds are thin plates 
applied like splints over the in- 
ner side of the squamous suture 
between the pterygoid processes 
of the palatines and alisphenoids. 
The ])ostglcnoid process is less 
developed than in the Ta})ir. 
The Eustachian process of the 
pctro-tympanic is long and 
stylifonn. There is an ante- 
rior condyloid foramen, and a 
wide ^ fissura laccra.’ The broad 
and convex bases of the nasals, 
fig. 304, 8, 8, articulate with the 
fr/mtals, f\ a little behind the 
anterior boundary of the orbits. 
The space between the Incisors 
and molars is of greater extent 
than in the Tapir, fig. 301 : a 
long diastema is not, howcvin*, 
peculiar to the Ilorse, and, 
although it allows the applica- 
tion of the bit, that application 
depends rather upon the general 
nature of the Horse, and its 
consequent susceptibility to he 
broken in, than upon a particu- 
lar structure wl^j^h it possesses 
In common with many other 
not extend farther back than the 


fore part of the frontals above the cranial cavity, and of the 
basisphenoid beneath. Ossification extends into the base of the 


tentorium and its continuation into the falx. The upper boundary 
of the rhinenceplialic fossa is much developed. 

There is a fiwamen, fig. 303, o, In the premaxillary suture. 

The zygoma, fig. 303, is chiefly formed by the squamosal, .v. 
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The malar extends the face, beneath the lacrymal, in 

advance of the orbit. The ascending ramus of the mandible has 
a convex hind border curving from the condyle, 20, to beneath 
the last alveolus, where it ends by a sliglit projection belo\Vj.thc 
inferior border of the horizontal ramus. . The coronoid process, 
19, is long, narrow, and recurved. 


h * 
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The stylohyals, fig. 305 , st. It, long and rib -like, articulate by a 
rounded ‘ liead ’ to the petromastoid ; exj)andiiig beyond tins, 
to form a sort of ‘ tubercle,’ and continued, slightly contracting, to 
the short epihyal, c, h\ by means of which they articulate 
with the ceratohyals, c, h\ which unite with the basihyal, 5 , A, 
^vhere this is joined to the thyrohyals, //, 5 . The basihyal 
►supports a glossohyal, h. The homology of the thyrohyals 
with the ceratobranchials in Fishes and IJatrachia is illustrated 
by the figures B, h 5 , introduced (reversed) in the same cut. 
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C. Bones of the Limbs , — These arc chiefly modified iii their 
proportions with reference to degree of swiftness of course in the 
different species : whicli liave diverged, in this respect, from the 
old tertiary ty[)e as exemplified by the Palieotherc, in two di- 
rections, the extremes of which are now shown in the Rhinoceros, 
fig. IGo, and the Horse, fig. 300. The segments farthest from 
tlie trunk are the seats of chief variety, and here the elongation 
and attenuation of the bone is attended with suppression of certain 
of the digits. 

The scapula is long in proportion to its breadth, and most so in 
the Horse, fig. 300, 5i : the anterior angle is largely rounded off : 
the spine develo])Cs no acromion, but gradually subsides as it ap- 
])roaches the ncciv of the sca])ula : it is situated nearer the hind 
border in the Tapir (fig. 290, r>i), nearer tlie front border in the 
Horse, with concomitant differences in the areas of the supra- and 
infra-spinal fossie : in the Rhinoceros it equally bisects the blade- 
bone, and is most prominent at its upper third. Tha coracoid is 
a mere tuberosity in all. The front border or ^ costa,’ in the 
Tapir, has a wide and deep notch. Alaerauehenia differs most 
from other Pcrissodactyles in the continuation of the s[)ine, with- 
out loss of height, to the neck of the scapula, above which it forms 
a slightly |)roduced angle and is perforated. 

In the Rhinoceros, fig. 165, the Inuncrus is remarkable for the 
strength of the tuberosities and deltoid ridge, and for the smooth 
basal surfaces between the tuberosities and on the outside of tlie 
external one. The medullary artery enters the back part of tlie 
bone, and proceeds obliquely forward and downward. In the 
radius, tlie surface for the ulna extends along the back part of 
the ridge bounding that for the humerus. The two antibrachial 
bones interlock at their distal ends by reciprocally adajited cavi- 
ties and tuberosities. The usual eight bones are present in the 
carpus : but the trapezium does not support a digit, and the uncl- 
forme is small and has only the digit answering to the fourth i 
this, with the medius and index, being alone developcd^in the 
Rhinoceros. The ilia are massive, short, and less expanded than 
in the Elephant, subvertical in position, coiujave anteriorly, and 
also behind in the transverse direction. The terminal angle of 
the rough thick crest is bifurcate. The ischia are relatively 
longer than in the Elejdiant, with thick outwardly-bent tuberosi- 
ties. The ischio-pubic symphysis is prominent. The lumbo- 
iliac angle is 125'’. 

'^I'he heatl of the femur is impressed by a deep semicircular pit 
at its margin.* The third trochanter, fig. 165, C5, Is a remarkable 



SKELETON OE PERISSODACTYLA. 


455 


feature, from its great size and forward curvature. Ossification 
sometimes extends from the great troclianter to the tliird tro- 
chanter. The rotular surface is distinct from those on tlie con- 
dyles. The inner wall of the trochlear suriace for the [)atella is 
thicker, more j)rominent, and is prolonged farther up the shaft of 
the femur than tlie outer wall is ; the condyles are nearly of the 
same length. The medullary canal commences at the l)ack part 
in the upper half of the shaft, amT inclines forward and down- 
ward. The hones of the hind-foot are explaijicd at [>. 309, 
fig. 193. 

In the Tapir, the i nt creondyloid ])art of the humerus, fig. 299, 
is perforated, as it is likewise in the llyrax. I have found 
the radius, 54, and nlria, 55, j)artially anehyloscd at their distal 
ends in the Malayan Tapir, and hanc ol)served their distal 
epi[)hyses to coak^sco wltli each other before unitinj^ witli their 
respective shafts. The carpus resembles that in lUdnocaros ; l)ut 
the uiieiforine is rather larger, and supports the metacarpal of a 
fifth, as well as of a fourth digit. The iii'st or trajjczial tligit is 
ahseut, and the one articulated to the magnum, answering to the 
third, is ftie largest and of symmetrical sliape, the wliolc fore-foot 
plainly showing tlie ])erissodaetyle type, though with lour toes, 
^riie little Tlyrax and au extinct horrdess Khinoeeros {Acero-^ 
therium) have a similar linsyimnetrieally tetradactyle fore-foot. 
Tljat of the MainriucJu'iiift was tridaetyle. I'he ox])anded part 
of the ilium of the Tapir, ib. 62 , is an oblong quadi’ate ])late with 
the up])er and hinder angle articulating A^ith the sacrum. The 
canal for the medullary artery of the femur, which begins near 
the small trochanter, extends downward to a small medullary 
cavity at the middle of the shaft, 65; which is longer than that of 
tlie tibia, 615 . The bones of the hind-foot closely resemble those 
of the Rhinoceros, Ibrming the same number of toes : the heel- 
bone, r/, is more prominent. 

• In fig. 190, ‘ bones of the fore-limb of the TIorse,’ the snpra- 
seapular cartilage is ossified and conihiciit Avith the base of tlie 
scapula, (j : o is the infrasplmil fossa, p the sujn*aspiiial fossa, i the 
})romiiient and thickened part of the spine, A the neck, nt the an- 
terior border or ^ costa,’ I tlie posterior ^ costa;’ the line from n to 
n marks the base of the scapula supporting the suprascapiila ; k is 
the coracoid protuberance. In the humerus, a is tlie shaft of the 
bone, h the loAver part of the deltoid ridge Avhere the ‘ teres 
maj<jr ’ is inserted, e is the great tuberosity which is grooved by 
the tendon of the biceps, /is the ^ neck.’ The proximal epiphysis 
i)f the young bone forms both the head and the tuberosity. At 
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the distal end, K marks the trochlear siirface for the radius, the 
fore part of Avhich bone, o, passes into the depression Z, Avheii 
fully flexed : /e is the inner condyle, i the outer condyle ; ni the 
posterior fossa for the olecranon, Avhen the antibrachium is ex- 
tended. The ulna, represented by its olecranon, 5 , and upper 
part of the shaft, ?/, coalesces by the latter, in aged Horses, Avitli 
the radius : it presents a small articular surface, Z, for the liu- 
merus. The radius and ulna coalesce in Macraudmtia, The 
ecpiinc carpus includes, in the proximal roAv, the sca])hoid tn, 
lunare .r, cunciforme y, and pisiformc sr, Avhi(*h latter is large and 
prominent. The os magnum, 2 , in the second series of carpal bones 
is remarkable for its great breadth, corresponding to the enor- 
mous devclopeincnt of the metacarpal bone of the middle toe, 4, 5, 
Avhich forms the chief j)avt of the foot. Splint-shaped rudiments 
of the metacarpals, answering to the second and fourth, 6, of Ihc 
pentadacty^e foot, are articulated respectively to the trapezoidcs 
and the reduced homologue of the unciforme, 3. The miocene 
Hipparion retained stunted hoofs sii])ported by the second and 
fourth digits of tiie fore-foot, as in the liind-foot, fig. 194 : but all 
modern and existing representatives of the genus ii'ywifdihave the 
digital dcvelopement concentrated on the medins: of Avhich, in 
fig. 190, 12-13 shows the proximal jbalanx, called in llippo- 
toiiiy the ‘ great pastern’; 14 - 15 , the middle phalanx, called the 
^ small pastern’; 16, the ungual phalanx, called the ‘coffin- 
bone’: 11 and 17 are ‘ sesamoids,’ the latter being called the ‘ nut- 
bone.’ 

The ilium of the Horse, fig. 300, 02 , is longer and less ex- 
panded su])eriorly than in the Tapir ; but it articulates by the 
corresponding jiart to the sacrum, Avhich renders it hammer- 
shaped. The femur is characterized by the partial division of the 
great trochanter, and, as in other Perissodactyles, has the third 
trochanter. The medullary artery enters the middle of the shaft 
at its postcro-intcrnal side, and inclines slightly upAvard. In fig: 
19;), a is the shaft, h the ‘ neck,’ c the head; d d, the great tro- 
(banter, of Avhich the upper division is called ‘ the spoke ; ’/ is the 
‘ third trochanter,’ (j marks the place of a deep fossa giving origin 
to the gastrocnemius externus, A is the outer condyle. In the tibia, 
s-tv is the protuberance and ridge for the rotular ligament, v the 
articular head of the bone, u the outer concavity. The distal end 
is excavated by a deep oblicxuc double trochlear cavity for the 
astragalus, .5. The fibula is represented by its head, 1 , and a 
slender styliform portion of the ^haft, ending in a point, at 2 . 
There is no representative of the distal end, as in Macrmichema 
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and the Kuminants. The bones of the foot arc described at 
p. 308, fig. 193 (Horse). 

The astragalus shows the extreme pcrissodaetylc modification 
by the deptli and obliquity of the superior trochlea, and by the 
extensive and undivided anterior surface, which is almost entirely 
ap])ropriatcd by the naviciilare : the cctocuneiforme, Avhicli is the 
]i()moty ])0 of the magnum in the carpus, is equally remarkable for 
its large size, since it supports that-'inetatarsal, answering to the 
middle one in pentadactyle quadrujicds, Avhich constitutes the 
chief part of the lund-foot in the Horse. 

§ 188. Skeleton of Artiodactjjla , — Some of the common osteo- 
logical characters of this order, Avith the genera representing it, 
are given at pp. 285, 286. 

A. Vertehral CAtlumn. — In the Hippopotamus, fig. 306, the 
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vertebral formula is;- 7 cervical, 15 dorsal, 4 lumbar, 6 sacral, 
16 caudal. The })]cura])ophysial parts of the transverse processes 
of the third to the sixth cervical inclusive (lcvelo[)c liatcliet- 
sha])cd i)latos, progressively increasing in size, Avhich overlap each 
other. The second and third cervicals have bituberculate hypa- 
pophyses. The transverse ])roccsses of all the ccrvicals are per- 
forated by the vertebral arteries. The neural spines elongate 
from the third to the seventh cervical, c. Six pairs of ribs 
directly 'join the sternum, Avhich consists of five bones and a 
broad ensiform cartilage. A mctapoj>hysial ridge is developed 
above the diapophyses of the eighth dorsal, changes its position 
and shape AAdth increase of size in the tAA^o succeeding vertebrae, 
in the eleventh projects forward from above the prozygapophysis, 
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and so continues throiighoiit the rest of the dorsal and the lumhar 
series, TJiere are no aiiapophyses, but a broad plate is developed 
from the back part of each transverse ])rocess of the last lumbar, 
wliich presents an. articular convexity for a corresponding con- 
cavity on the fore part of each transverse process of the first 
sacral vertebra. 

In the Pcccari (^Dicotif lcs)^ the vertebral formula is : — 7 cervical, 
14 doi'sal, 5 lumbar, 5 sacral, and (> caudal. The axis vertebra 
has a short pointed diapophysis : the third vertebra lias a pleura- 
pojdiysial lamella coextensive uith the centrum. The corre- 
Ksponding lamella increases in the fourth, the fifth, and very re- 
markably in the sixtli cervigid, and they overla]) eacli other. 
The bony plate between the anterior zyga|) 0 |)hysis and dia[io- 
jihysis is perforated by the spinal nerve in the last four cervical 
vertebrai : the third and fourth terminate above in a larire 
platform of bone supported by vertical neui-ajiophysial walls, 
without a neural spine ; in the fifth a neural s[)inc is develoiied, 
and tlie spine jirogressively increases in length and inclines for- 
W'ard in the sixth and seventh ccrvicals. The neural spines of 
the first ^iid second dorsals are vertical, and as lonjr as the 
pleurapophyscs of the same vertebne. The succeeding dorsal 
spines gradually diminish in length and incline backw^ard to 
the twelfth, W'hich is sliort and vertical. The metapophyses begin 
to be developed at the third dorsal, and increase in length to the 
eleventh, after wdiicli they rivse upon tlie zygapophyses. The 
neural arches of all the dorsal vertebne are directly perforated 
by the s[>inal nerves, and the base of the diapophysis is vertically 
perforated. The diai)ophysis of t^jic fourteenth dorsal vertebra 
begins to show the increase of size which characterizes the lumbar 
series. Seven ])airs of ribs directly articulate with the sternum, 
w hich consists of six bones. 

In the Ilog {Sun Scrqfa), the vertebral forimda is : — 7 cervical, 
13 dorsal, 6 lumbar, 4 sacral, and 23 caudal, wdth varieties, chiefly 
de[)cnding on the number of moveable ribs developed in the 
domestic breeds. The fifth and sixth cervical vertebne are re- 
markable for the great expanse of the lainelliforrn, overlapping, 
and downwardly directed costal parts of* the transverse proccKSses, 
and the seventh cervical for the absence of the pleurapophysis 
and the sudden increrise in the length of the neural spine. This 
is far surpassed by the spines of the anterior dorsal vertebne ; 
after which those processes ]>rogrcssively decrease in height to 
the last three dorsals, v/hcrc they gain in antero-postcrior extent: 
the verticality of tlie ►sjiine of the eleventh dorsal indicates the 
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centre of motion of tlic trunk. The dorsal neurapojdiysos are 
directly perforated by the spinal nerves, and a ])ar of bone con- 
nects the end of the diapo])liysis with the liiiid part of the ceii- 
triim, circumscribing a vertical [)erfbration on each side. The 
metapophysis commences as a tuberosity upon the diapophysis of 
the middle dorsal vertebne, projects forward midway between the 
(li- and prozyg-apophyses in the tenth, ,})asscs upon the in’ozj g- 
apophyscs of the eleventh dorsal, ambis continued in that i)osition 
Ihrougliout Ihe lumbar series, lliere are no ana|)0})hys(;s. 

(•07 



Dromedary. 

• In the Dromedary, fig. 307, and Chiinel ( Camalus Imctrianna), 
the vertebral formula is; — 7 cervical, 12 dorsal, 7 lumbar, 4 sacral, 
and 18 caudal. Seven jiairs of ribs articulate directly with the 
sternum, which consists of six bones, the last being greatly ex- 
panded and protuberant below, where it sup])orts the ])ectoral 
callosity in the living animal. The cervical region is remarkable 
for its length and flexuosity; the vertebrie are opisthoccelian, 
but resemble those of Macrauchenia in the absence of the perfo- 
ration for the vertebral artery in the transverse process, with the 
exception of the atlas ; that artery, in the succeeding ccrvicals, 
enters the back j)art of the neural canal, and perforates obliquely 
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the fore part of the base of ihc iieurapophysis, as shown in thci 
longitiulinal section, fig. 308.* The costal part of the transverse 
process is large and lainclliform in tlie fourth to the sixth cervical 
vertehne inclusive : in the seventh it is a short protuberance : in 

this cervical the neural spine be- 
comes conspicuous. The nieta|)()- 
physial tubercle is developed from 
the diapophysis in the eleven ante- 
rior dorsal vertebne, and passes u])on 
the zygaj)ophysis in the twelfth, con- 
tinuing in that position throughout 
the lumbar scries. There arc no anapophyscs. The spinous ])ro- 
cess in the first dorsal suddenly exceeds in length that of the last 
cervical, and increases ijj length to the third dorsal ; from this to 
the twelfth dorsal the summits of the sivinos are on almost the same 
horizontal line, and are expanded and obtuse above, sustaining 
the substance of the hump (Dromedary) or humps (Camel) ; the 
spines of the lumbar vertebrae progressively decrease in length. 
The diapophyses of the last six lumbar vertebra) are very long : 
those of the last lumbar do not articulate, in the Camdulai or in 
any liuminant, with the sacrum. 

In the Llama {Auchenia) the last sterneber is not so expanded 
as in the Camel : the vertebral formula is the same : the fifth 
lumbar has the largest spine : the cervicals, besides haAdng ini- 
])crforate transverse processes, rescnnble those of Macruuvhvnia 
in the flatness of the terminal articular surfaces, and the neck is 
habitually less bent down than in the Camels. 

In the Musk-deer (^Moschis wosvhifitrua)^ the vertebral formula 
is:— 7 cervical, 14 dorsal, 5 lumbar, o sacral, and 6 caudal. The 
atlas has a hypapophysis, but no neural s])inc. The transverse 
process is a broad thin plate coextensive Avith the length of the 
vertebra : it is perforated transA^ersely from the neural canal 
outward to beneath its base, for the exit of the nerve, and then 
vertically, by the vertebral artery, Avhich also perforates the 
neural arch. The axis has a sharp hypapophysial ridge extending 
from below the base of the odontoid process to beyond the poste- 
rior surface of the centrum, Avhcrc it underlaps the next vertebra. 
A similar ridge and baclvAvardly produced process arc developetl 
from the tAvo succeeding cervicals, beyond Avdiich the ridge gra- 
dually subsides to the seventh vertebra. From the third to the 
sixth cerAUcal inclusive, the pleurapophysial part of the transverse 

* xcn\ p. 110 . 925, A., iigurcil hi xcv*. pi. a*^!. fig. 2, also in xcvi, fig. 344. 
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process equals or exceeds the length of the vertebra^ and tliose 
])Mrts are arranged so as to overlap each other. There is a dis- 
tinct, hut less extensive diapophysial portion projecting extcnuil 
to the vertohrarterial canal : this 2 )art aloiu* represents the trans- 
verse process in the seventh cervical. The spines of the third 
and seventh cervical vertebne are vertical, those of the iutcr- 
inediatc ones incline forward. The sjiines of the anterior dorsal 
vertebne arc remarkable for their heiglit, thoscLof the posterior 
dorsal and of the lumbar vertebne for their antero-j)osteiior 
extent, the anterior angle being ]>roduced forward and overlapping 
the spine in advance. A distinct metapophysis begins to be 
developed from the second dorsal, and attains its greatest length 
on the twelfth. There are no anapo])hyses. The notches for 
tlie nerves inci'ease in de 2 )th as the vertebne recede in position, 

mi) 





and in the last dorsal the neural arch is comjdetely perforated by 
these, which is likeAvise the case in most of the luml)ar vertebra*. 
Kight ])airs of ribs directly articulate with the sternum, which 
consists of seven bones. The tubercle disappears from the pemil- 
tiinate pair of ribs, and the diapojdiysis is reduced to a short 
rough tuberosity; but in the last 2 )air the costal tubercle with its 
articular surface reappears, and the dlapo|)hysis resumes its 
normal size and articulation with the rib. In the first lumbar 
vertebra the diai)ophysis suddenly increases in length and breadth, 
and is probably augmented by the ossified and coalesced beginning 
of a ril). 

In the common Ox (Bos Taurus^ fig. 309), the vertebral for- 
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mula is: — 7 cervical^ 13 dorsal, 6 lumbar, 6 sacral, and 21 caudal. 
The spines of the cervical are short, save in the last, and they in- 
cline to that of the third cervical, as the centre of the movements 
of the neck : these are facilitated by the ball-and-socket articula- 
tions of the ])odics, common to the true Kuminants with most 
other Ungulates. The neural spine is longest in the third and 
fourth dorsals, whence the s{)iues gradually shorten to the tenth : 
the metapophysis passes from the diapophysis to the zygapophysis 
in the tenth, eleventh, and twtdfth dorsals. In tlie first lumbar 
the dia])ophysis exchanges its short, thickened, obtuse shape for a 
long, broad, vertically compressed plate : these processes increase 
in length to the fourth lumbar. The foramina for the spinal 
nerves directly perforate the ncnraj) 0 ])hyscs of the dorsal vertebne ; 
tliey escape by conjugatiQual foramina at the interspaces of the 
lumbar vertebrve. 

The European Bison has 14 dorsal and 5 lumbar vertebrte, the 
American Bison lias 15 dorsal and 4 lumbar, and this is the 
extreme reached, in the liuminant OT*der, of moveable pairs 
ribs, equalling in number those of the Ili])popotamus. The ri))s 
are more slender in BUon than in Bos, 

In the lioan Antelope {AntUope equ}.na\ the vertebral formula 
is : — 7 cervical, 14 dorsal, 6 lumbar, 4 sacral, and 14 caiulal. 
The atlas and dentata send out strong diapojdiyses : from that of 
the third cervical a broad plcurapojhysial ridge extends forward 
and underla})S the di apophysis of the axis: a similar structure is 
f presented by the fourtli and fifth cervicals, and in the sixth the 
pleurapophysis forms a broad subquadratc ])latc extending down- 
ward and a little outward. This element is absent in the trans- 
verse process of the seventh vertebra, which is impci4()ratc. The 
dorsal spines begin progressively to shorten from the fifth; that 
of the thirteenth is vertical, and indicates the centre of motion of 
the trunk. A metapophysis is develo|)ed from the front of tlie 
diapophysis of the second to the ninth dorsal vertebne inclusive^ 
where it begins to be transferred to the anterior zygapophysis, 
from which it extends in the last four dorsals and in all the 
lumbar vertebrfc. There is a short anapophysis in the last two 
dorsals, but not in any of the lumbar vertebne. Nine pairs of 
ribs directly join the sternum, which consists of eight bones and 
the xiphoid cartilage. 

These characters arc found in the vertebral column of most 
Antelopes. 

In the Wild Sheep of Thibet ( Oins Nalmra'), as in the English 
domestic Otm Arks^ the vertebral formula is: — 7 cervical, 13 
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dorsal, 7 lumbar, 4 sacral, 10 caudal, tlie latter being subject to 
variety. The pleurapophysial parts of the transverse processes 
of the third, fourth, and fifth cervicals undcrlap the diai)()physial 
parts of those in ad vance : the pleurapophysis of the sixth cervical 
is an oblong quadrate jdate; the seventh is imperforate, as in 
Kuininants generally. The neural spines increase in height from 
tlie third to the seventh cervical, and are suddenly and greatly 


310 



surpassed In height by those of the anterioi* dorsals. The meta- 
])ophysis IkS developed on the second and succeeding dorsals ; 
attains thb anterior zygapophysis in the eleventh ; and projects 
irom that part in all the liiml)ar vertebiw. The last pair of ribs 
are joined by the head, only, to the vertebra : tlie seven anterior 
inurs directly ,j,oin the sternum, ndiich consists of six bones. 

The Giraftc is, in some respects, intermediate between the 
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^ liollow-liorncir and ^ solid-hoi*ned ’ Kuminants, though parhiking 
more of the nature of the Deer. 

In the Nubian {Camelopardalis Giraffa, tig. 310), the 

vertebral formula is : — 7 cervical, 14 dorsal, 5 lumbar, 4 sa(;ral, 
aiul 20 caudal. The vertebral artery perforates the fore part of 
the ncurapophysis of the atlas twice, vertically and transversely: 
the atlas has a hy])apo])hysis : this process in the deiitata is a 
long thin ridge : the upper and fore part of the transverse process 
is perforated by the vertebral artery in this and the succeeding 
ccrvicals : a pair of exogenous i)rocc8ses is developed from the 
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under and fore part of the body in the third to the seventh cer- 
vical inclusive ; the second to the sixth are remarkable for their 
length and almost want of neural spines : the short one of tlie 
seventh cervical is an trover ted : those of the dorsals ra]>idly 
increase to the third, which, with those of the fourth and filtli, 
raise the outline of the back, like a hump : they then ‘gradually 
diminish to the last dorsal. The ribs arc long, corresponding 
with the great depth of the chest. Seven pairs directly join the 
stennira, which consists of six bones. 

In the IJiiin-decr (CWtms tarandus^ fig. 311), the vertebral 
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forniiia — 7 cervical, 14 dorsal, 5 lumbar, 4 sacral, and 11 

caudal. The pleurapopliyses of the third, fourth, and hfth 
cervicals are developed forward as well as backward ; tliose of tlu; 
si.\th are also of great breadth, and are more produced downward. 
The inctapophysis is distinctly deveIo})ed u^bn the second and 
succeeding dorsal vertebrae, and attains the outside of the zyga- 
pophysis ill the eleventh. All the dorsal ribs are biarticulate, re- 
taining both head and tubercle. Eight ])airs of ribs directly join 
the sternuni, Avhicli consists of seven liones. In tlie Megaceros, 
fig. Idf), as in the Fallow and most other Deer, there are thirteen 
dorsal and six lumbar vertebrje. 

Th(i o])isthoc(cHan liall-and-socket joints of the (tervical ver- 
tebric facilitate the habitual intlections of the neck in the grazing 
and broAvzing actions in all Kuminants^ w hile the long sj)ines of 
the anterior dorsals atford ade(|nate surface of attachment to the 
elastic and muscular structures sustaining tlie head— lieavy in 
most of them with horns or antlers. 

H. Skifl/, -Tins presents groat diversity of sha|)e in the Artio- 


dacfjjln, wdth some common 
characters, already noted, 
which distingiiisli it from 
that of Prrissndarti/ln, 

In the Hippopotamus, 
fig. 312, the occij)ut is sub- 
vertical : from the u])[>er 
part of Its crest the con- 
tour of the skull runs 
nearly straiglit to the fore 
ends of the nasals, I5. The 
orbits, small and with an 
entire, or almost entire, rim 
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of hone, singularly jirojeet both ii])w^ard and outward, the froritals, 
ij, rising tow^ard them, and arching lengthwise across their n])pcr 
half. 4"he up])er jaw, c, wdiieh is almost cyliiirlrical in advance of 
the molar series, sudderdy expands to form the alveoli of the upper 
tusks, the mandible similarly exj)andlTig lor those of tlie lower 
tusks, c; in the ujiper jaw a second terminal expansion, divided by 
a deep groove from tlie first, increases the space for the large tiisk- 
shaped infcisors. The depth of the temporal fossa* renders tliat part 
of the cranium, 7, narrow^cr across than any part of the taec : the 
fossie meet above to form a parietal crest in old males. The facial 
part of the lac^ymal is extensive, but the small deep-seated orbital 
part is perforated by the Jaerymal foramen. The maJar, 26, sends 
VOL, ir. " * f[ II 
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up a process to the postfrontal, wKieh it, rarely reacKes: ^t ex- 
tends backward to the glenoid cavity, and forms the under part of 
the zygoma : the upper part is due to the squamosal, 27. The ex- 
ternal nostril is terminal, vertical, and formed by the nasals and 
prcinaxillarios: thd' maxillaries are perforated by a moderately 
large antorbital foramen far in advance of that cavity^ : the lateral 
series of molar alveoli slightly diverge anteriorly — a disposition 
which Cuvier regarded as ])ecuHar to the Hippopotamus among 
Mammals. The bony palate is deeply notched anteriorly between 
the ])remaxillarics : there arc two pairs of ‘ foramina incisiva.’ The 
ascending ramus of the mandible, has a posterior coiivexly- 
curved outline descending to an antroverted angular process ; 
the horizontal rami, divided by a deep notch from the angle, run 
forward almost ])arallel Avith each other, and expand at the sym- 
physis, along Avhose upper and anterior broad truncated border 
the incisor sockets, four in existing, six in some extinct, Hijrpo- 
potami, form a straight transverse line, betAvecn the tusks, c. 

In a very young Hippopofamns may be observed the following 
evidences of cranial structure. The basioccipital has partially 
coalesced Avitli the basisphenoid, but not with the cxoccipitals ; it 
forms no part of the occipital condyles, and devclopes no processes 
from its under surface : its lateral synchondrosal surliu’es are 
divided into two fficets, one for the part of the exoccipital behind 
the precondyloid foramen, the other for the smaller })art in front. 
T^hese parts of the exoccipital have not coalesced on the inner 
side of that foramen, Avhich is single : the exoccipital devclopes, 
besides the condyloid process, the paroccipital and a l)road ])rocess 
to join the mastoid. The supcroccipital is a thick, rhomboid, 
vertical plate. The alisphenoids have coalesced with the basi- 
sphenoid : they arc slu^rt, and arc grooved behind by the boundary 
which they contrihute to the foramen common to the foramen 
ovale and the basicranial foramen lacerum, and more deeply in 
front by the part they contribute to tlie foramen common to the 
foramen rotundum and foramen lacerum auterius : they dcvclope 
long pterygoid processes, Avhich are imperforate, and articmlate 
along their inner sides Avith the entopterygoids. The presphenoid 
has coalesced Avith the orbitosphenoids and Avith the rudimcntal 
prefrontals, Avhich are connate, compressed, and form the median 
septum of the great anterior outlet of the cranial cavity. The 
vomer is a long, slender, pointed bone, deeply grooved above. 
The parietals articulate Avitli the alisphenoids, orbitosphenoids, 
sqnamosals, mastoids, frontals, supcroccipital, and each other. 
The under jmrt of the frontal is clivided into a cranial, orbital, and 
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olfaclftry surface ; the orbital surface bein^ the largest, and the 
{;uperorbital ridge broad and much produced. The petrosal, mastoid, 
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tympanic and squamosal elements of the temporal have coalesced, 
^riie mcatll^s internus is a deep fossa divided into a cribriform 
snrfjicc below and a canal above: the 
tyni])anic swells into a large three- 
sided conical protuberance below. The 
palatines prolong the bony palate be- 
yond the series of grinding teeth in 
use. 

The (‘omposition of the Mammalian 
slvvillhas been more fully cxcmjdified in 
the young of the genus Sus (p. 300, 
fig. 189). In fig. 314, is given a back 
view of the neural arch of the occipital 
vertebra, sliowing the flattened cen- 
trum (baf^ioccipital), c 3, the neurapo- 
physcs (exocclpitals), c 2 , with their 
convex post-zygapophyses or ‘ con- 
dyles,’ and long descending diapophy- 

(paroccipitals). The neural spine (superoccipital), c. i,is a 
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vertical, quadrate, expanded plate, which completes tlie tipper 
part of the neural canal (foramen magnum), 

Tlie siiperoecipital enters into the formation of the upi)er sur- 
face of tlie skull, as at 3, fig. 313. The parietals piTsciit flat siipra- 
craiiial, ib. 7, 7, temporal, and intra-cranial surfaces, fig. 315, 7. 
The frontals present, also, a flat siipracranial surface, fig. 313, ii, 
an orbital, and an intra-»cranial surface, fig. 315, ii. Tlie postorl)ital 
process is not joined by a malar one : the supcrorbital canals are 
large, as in liuminants. The nasals, it), are long and ])ointod: 
the prernaxillaries, 22 , unite and circumscribe with them tlie ex- 
ternal nostril. There is a prenasal bone, 0 , whu^h strengthens 
tlie uprooting snout in most of the hog-tribe. The iiiaxillary, 21 , 
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in the adult Boar, developes a large outwardly-curved alveolus 
for the tusk; strengthened above, in the Indian wild Boar, by a 
longitudinal ridge : the antorbital perforation is of moderate size : 
the maxillary unites ])ostoriorly with the large facial plate of tlij? 
lacrymal, fig. 313, 73, and with the malar, 2 r. This has no post- 
orliital process. It is united with the zygomatic jiart of the squa- 
mosal, 27, by a double notch. The small cranial plate of the 
sepia, mosal is shown iit d, fig. 315, The articular surface for the 
mandible is convex from before backward, concave transversely, 
inAvliich direction it is most extended. The alisphcnoid is marked 
J\ in figs. 3^13 and 315, The floor and sides of tlie long nasal 
canal are foniiM by the prernaxillaries, fig. 315, 22 , the niaxillaries, 
21 , and the palatines, 20 : to the latter succeed the pterygoids,/ : 
the depth of -the canal is gained by depressing the backwardly- 
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extended bony palate below the level of the basis cranii, 1 - 9 . The 
petrotympanic bulla, id, is large, prominent, and subcompressed. 
In tlie interior of the cranium the rhinenccphalic compartment, //., 
is large and well defined. 

The skull of the Babyroussa (Sus Babyritssa), as compared 
with that of Sm Sc.rofa and Sas larvatus, shows a broader and 
lower occiput; the mastoids are larger; tfifc temporal fossie more 
approximated on the upjier part of the cranium ; the bojiy palate 
is more produced beyond the last molars. Tlic mastoids show a 
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pneumatic cellular structure, and become confluent with the tym- 
panic and squamosal, not witli the petrosal. This bony capsule of 
tlie acoustic organ retains Its primitive individuality, as such, and 
may be detached from the surrounding bones forming the oto- 
eranc: neither jiaroccipital nor mastoid are dismemberments 
thereof, as misiuterjireters of (levelopmental phenomena allege. 
There is no ossified prenasal. In the maxillary the long sockets 
of the canine tusks bend upward ; the naso-maxillary part of the 
cranium being slightly (compressed between them. A remarkable 
peculiarity is also ])rescntcd by the fosste at the inner side of the 
base of tlie pterygoids, which lead to sinuses communicating on 
one or both sides with the sphenoidal sinus. The air-cells extend 
from the nose to the occiput. 

In the AVart-hog (Phacochatrus yEltani, fig. 316), the fronto-^ 
parietal region is broad and flat, except transversely, where it is 
rendered concave, as in the Hippopotamus, by the orbits being 
raised above its level : those cavities, e, are placed farther back 
than in the other SuidcRy and are partly defended by a post-orbital 
process of the malar. The paroccipital processes tire long and 
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slender. The mastoids are compressed and pointed, and are much 
less developed than in the Wild Boar, the Masked Boar, or the 
Babyroussa. The pterygoid fossas are simple ; not divided into 
an external and internal compartment, as in the Babyroussa, but 
they arc more extended backward. The sockets of tlic canines, c, 
have not the process from the upper part, as in the Su,s larvatus. 
The maxillo-premaxilftry suture is early obliterated, except at 
the apex of the prcinaxillaries which extend beyond the sockets of* 
the tusks. The nasals, 15, arc of great length. The fore part of 
the lower jaw, fig. 317 , is expanded for the sockets of the tusks, c, 
and truncate, as in Hippopotamus ; but the sockets of the incisors 
are soon obliterated. In the interior of tlic skull a tentorial ridge 
is developed. 

In the Peccary a strong ridge extends from the lower border 
of the malar. The pterygoids have not the fossie shown in the 
Babyroussa and Wart-hog, and are less laterally expanded. The 
paroccipitals rise more to the outside than in Sus. The articular 
surface for the mandible is concave from before backward. 

In the skull of a Camel (^Camehis luictrlanns^ fig. 318 ), the 
occipital condyles arc divided into two surfaces meeting at an 

acaitc angle, and they 
come in contact with each 
other beneath the basl- 
occipital, which contri- 
butes an c<jual sJiaro 
with the exoccipitals to 
their formation. The 
I)aroccipita]s arc small, 
and shorter than the 
mastoids. The occi - 
])ital, 11, and parietal, 9 , 
crests are sharp : the 
zygomatic arches, in relation to the laniariform teeth, .9, a, 0, a’je 
longer and overspan a Avider temporal fossa, 10, than in true llumi- 
nants. The (wbit lias an entire bony rim. The prcinaxillaries, ] , do 
not reach the nasals, 7, and the maxillaries, 2, contribute to form 
the external bony nostril. In the Llama and Vicugna (yJwc/icyrm), 
|the premaxillaries exclude the maxillaries from the nostril. A 
vacuity between the maxillary, lacrymal, frontal, anti nasal re- 
mains large in Llamas, but is reduced in old Camels to a small 
size, between the frontal, 8 , and maxillary, 2; or it may be obli- 
terated, as is iisiijil in tlie Vicugna. The antorbital foramen, 
opens above the last preniolar. The orbital plate of the lacrymal 
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sliDWS two perforations. The external pterygoid process is 
formed by the alisphenoid, the internal one by the true i)tcry- 
goid ; botli are far behind the bony palate, which is divided 
from the last molar alveolus by a notch. The cranial wall in 
the Camel is unusually thick, with a close cancellous diploe, 
save where the air-cells penetrate the frontal and presphenoid. 
There is no bony tentorium. The lateral sinus bifurcates above 
the petrosal into two wide venous canals. The liinder one again 
divides, one branch terminating on the supcroccipital surface, 
above the mastoid, the other descending to terminate at the 
ordinary ‘foramen jugulare:’ the anterior canal descends to the 
base of the zygoma, where it also divides, one division opening 
on the inner and the other on the outer side of the post-glenoid 
process. In the Llama the venous o})e»ing above the root of the 
zygoma is large : and there is a smaller one at the fore part of 
the root. The foramen rotundiim is blended with the foramen 
laccruni anterius. The rliin encephalic fossa is narrow but deep. 
I'hc osseous septum is coextensive with the nasal bones in old 
Camels. The angle of the mandible, ?c, is singularly elevated, 
and tlic contour of the ascending ramus makes a convex sAveep 
to the lower border of the horizontal one. The outlet of the 
dental canal, r, is below the laniariform premolar, .v. The fore 
])art of the symphysis expands horizontally for the incisor 
alveoli. 

In the true ILimiiiants the skull is characterised by the small 
size and edentulous condition of the premaxillarics, the slender 
zygomatic arches, the entire 
bony rim of the orbit, the large 


facial plate of the lacrymal, and 
by the processes of the frontal 
bone for the formation of horns 
or antlers. These latter, hoAV- 
over, are wanting in both sexes 
of the Musk-deer {Moschusy 
Tragulns)y^fhm the Camel tribe. 
The occipital condyles, fig. 319, 
closely approximate beloAV : 
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the paroccipital is longer than the mastoid. The temporal fossas, 
in the formation of which the parietals, 9, take a large share, Avith 
the squamosals, lo, arc divided above by a parietal crest, and 
resemble those of the Camel. There is a small vacuity bctAA^cen 
the frontal, 8,* lacrymal, 3, maxillary, 2, and nasal, 7, in Moschus 
moschiferusy Av^hich does not exist in Tragulus, Tile malar, 4, is 
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marked by a. ridge continued from the lower border of tlte orbit. 
The petrotympanic forms^ in the smaller Musk-deer ( Tragulus) 
and Antelopes ( (Jephahphus)^ a large ^ bulla ossca : ’ and the orbits 
gain in proportional size as the bulk of the species decreases. 
The lateral emarginations of the bony palate are usually dee])er 
than the median one, in true Ruminants, the reverse being the 
case in the Llama and Vicugna. In MkrotheriwJi the preinaxil- 
laries do not reach the nasals, nor yet (piite in Ihjonnosckus. 

In the skull of the Bovida^ 
I have usually seen that, al- 
though the full size and mature 
dentition have been ac(juircd, the 
suture between the exocci[)itaLs, 
fig. ^120, ii', ii', and that between 
these and the superoccipital, ib. 
11 , remain distinct. The occipi- 
tal condyles, i, are wide a[)art, as 
in Antelopes and Deer. I1ic 
paroccipital, i, and fig. 321 , ///', 
descends much lielowthe mastoid, to; the exoccipitals complete the 
foramen magnum, above: the basiocci|)ital has a pair of tubercles. 
In the Ox {Boh the whole of the upper surface of the cranium 
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is formed by the frontals, fig. 321, c: the parietals, which, at 
an earlier period, encroach upon the back part of the ujiper sur- 
face, arc now })ushed quite to tlic posterior or occipital aspect. 

“;¥This deposition does not take place in the Bison, fig. 320, but the 
frontals, at the interspace between the horns, are, with the con- 
joined paiictals, 9, developed into a ridge rising above that formed 
by the superoccipital, ii. The pctro-tympanic, fig. 320, lo, 321, f/, 
is prominent lind rough. Tlie squamosal, c, has a Venous outlet 
above tlie ba,^e of the zygoma. The malar forms the lower part 
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of the orbit and extends largely upon the face, at k, to join the 
riiaxillary, h. The corresponding plate of the lacrymal is still 
more extensive and here joins the nasal,/, leaving a small fissure 
between tliose bones and the frontal, c. Tliis very extensive l)one 
has a large superorbital fissure. The nasals are cleft at their 
fore end. The premaxillary, has but a small or loose junction 
with the nasals. Tlie maxillary, h, is extensive, the antorbital 
foramen, It', perforates it above the first premolar. In Bison 
fijjropcms the horns arise in advance of the ridge formed by the 
supenH^eipital bone, the parietals advaiu^lng to the upper surface 
of tlie skull and l)eing interposed betw’ecn the frontal and supei- 
o(*cipital. The Bison differs from the Buffalo (^Bubalns) in the 
greater breadth and convexity of the frontal, and in tlu) much 
greater extent of the orbital processes of.that bone, which, with the 
coextensive processes of the lacrymal and malar, form a prominent 
evlinder. I'lic nasals arc relatively shorter and ])roader than in the 
()x {Bos) ; hut the cViief distinction betwx‘eu the Bison and the Ox 
is seen in tlve shorter preinaxillaries, wdiich do not rise to join the 
nasals: here, therefore, six hones enter into the formation of tlie 
external nasal aperture, instead of four, as in Bos and llahalus, 
Tlie frontal sinuses extend into the horn-cores in all Bovines, 
but not so in the majority ot 
Antelopes. In tins rumi- 
uaut group, ^vith some ex- 
ceptions, e. g. Aiffoceros^ 

Lijroceros, Strapsiceros, Di- 
cr (mover os, the facial plate 
of the lacrymal is impressed, 
often deeply, by the aiitor- 
bital cutaneous sac, com- 
monly called ‘ lacrymal.' In 
the Duykerbok ( Cephalo^ 
phus mermens), the parietals 
are produced in an angular 
form lietween the bases of the horn-cores, Avhich spring as usual 
from the froutals. In the Chickara ( Tetrnceros) the frontal deve- 
lopes two ])airs of horn -cores : and this peculiarity was also mani- 
fested by some gigantic Autclojics {Brain other him and SwatheT. 
rium), uW extinct, of the same conthieut (India): in which, also, 
the iiostcrlor horn-cores were ramified, as in the Prong-horn {I)h 
cranoccros fureifer). The Sivathere was also rcmai-kable for the 
shortness of the facial part of the skull and the termination of the 
nasals in a down-bent point, fig. 322. In the Duykerbok, Cha- 
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inois, Gror^ Chim, and one or tAvo others, the premaxillaries 
do not join the nasals ; but this junction is seen in most Antelopes, 
In all, as in the Sheep and its allies, both the superoccipital, 
fig. 323, n, and fig. 324, «, and the parietals, 
ib. 9 and maintain their position at the 
back part of the vertex : the frontals, ib. 8, 9 , 
and c, still form the chief part and alone 
developc the horn-cores : the nasals, 7, are not 
expanded posteriorly, as in Camelidce. Both 
frontals, c, and malars, k, fig. 324, extend far 
in advance of the orbit, r/, but are exceeded 
in this extension by the lacrymals, /, Avhich 
articulate Avitli the nasals, f, for an equal 
extent Avith the maxillary, //. In the Avild 
Ovu Ammon there is a lacrymal pit, and this, 
in Ovin Vif/nci,, deeply impresses the facial 
plate of the bone. The premaxillaries in the 
same Avild Thibetan sheep join the nasals 
sutiirally, but in the domestic Ovis Arks, the 
premaxillaries, //, barely touch the nasals. 
In the Nahura Argali {Ovls Nahura), the premaxillaries do not 
reach tlic nasals : nor is the lacrymal impressed with the pit. The 
‘ incisive ’ fissures in the palatal plates of the premaxillaries, figs. 

324 


323 



Skull of Sliocj). 



Skull of silt'd*, hornless var. 

168 and 323, a, are long and narrow. TJie inaxiJIo-palatal sutures, 
fig. 168, (I, turn obluxuely outward and backward to the inner 
wall of the socket of the last molar, opposite the hinder lialf of 
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which are three posterior palatal notches. The pterygoids form 
no part of the bony palate. 

The following differences may be noticed in companng the 
skull of the (xoat (^Capra Iltrcus^ with tiiat of the Sheej) (0/;/s 
Aries), In the Sheep the postorbital process or plate is broader 
and more bent outward, fonning a deep depression between it 
and the origin of the lioni ; it also turns the jdane of* the orbit 
more obliquely for^vard : in the (loat the aspect of this plane is 
more directly outward. Tlie occiput is higlier in proportion to 
its breadth in the Goat than in the Slice]). The petrosal is 
relatively longer and deeper in the Goat than in the Slieep. 
'I'he nasals are relatively smaller in the Goat, where they are 
slvorter than the j>rernaxillaries ; their upper surface is concave 
lengthwise, excei)t at the free points., Avhere they are slightly 
bent down. In the Sheep the nasals are relatively larger, arc 
longer than the preinaxillaries, and their whole u])])er snrfaci'. is 
convex lengthwise. There arc also diitercnces in tlic co7inections 
of these bones ; in the Sheep the nasals join the lacryinals, rarely 
the preinaxillaries, whilst in the Goat they join the preinaxillaries 
but not the lacryinals, — a vaiaiity, which is not ]>resciit or is 
riidiinental in tlie Shoe]), separating them from the lacryinals. 
The n])])er border of the maxillary bone is relatively shorter in 
the Goat, and the anterior border is not notched to recei\'e the 
iqiper end of the premaxillary, as it is in the Sheep. The pre- 
maxillary is narrower at its alveolar end in the Goat, and its 
upper end rises so as to overlap the side of the nasal : in the 
Sheep the ])remaxillary is relatively broader, and rarely rises to 
touch the nasal. The lacrymal bone of the Goat is shorter in 
])rof)(»rtion to its breadth, and is not impressed on its facial 
surface by a lacrymal fossa ; it does not touch the nasal : in the 
Sheep the lacrymal is longer in pro])ortion to its lireadth, and is 
more regularly ([uadrate in form; it joins the nasal, and thus 
obliterates that vacuity which is present in the skull of the 
Goat ; its facial plate is usually impressed by a concavity for the 
cutaneous lacrymal pit. In comparing tlie upiicr contour of the 
skull, from the occipital ridge to the free extremity of the nasal 
bones, it forms, in the Goat, nearly a right angle, with the two 
sides equal : in the Sheep it forms a more open angle, with the 
anterior 'side twice as long as the posterior one. 

In the skull of the Giraffe (^Cnmelopardalis Giraffa, figs. 325, 
326), the exoccipitals form a marked protuberance above the 
foramen magnum and below a deep fossa for the implantation of 
the ligamentum nuchin. The parietals arc chiefly situated on 
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the upper surface of the skull ; the osseous horn-cores are 
originally Sistinct, with their bases crossing the coronal suture, 
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and resting equally upon the parietal s 
and froutals: they, however, coalesce 
therewith in old males, and the frontal 
and parietal sinuses extend into the 
lower fourth, the rest of the horn-core 
being a solid and dense bone. The pro- 
tuberance upon the frontal and contigu- 
ous parts of the nasal bones is due to 
an enlargement of those bones (as ob- 
vious in the section, fig. 326), and not 
to any distinct osseous part : its surface 
^Is roughened by vascular impressions, 
undcrinining the basal periphery and 
simulating a suture. The lacrymal is 
s(*parated from the nasal by a large 
\'acuity intervening between those 
bones, the frontal and the maxillary, 
'riie prcmaxillarics, wliich are of un- 
usual length, articulate with the nasals, 
'riic petro-tympanic is a separate bone. 
The syinjdiysis of the lower jaw is 
unusually long and slender. The arti- 
cidar surface of the prominent occipital 
condyles is so extended vertically as 


to admit of the head lieing raised into a line with the neck, and 



SirliDH if Sliiil! of iii:ilc (Jlraffe 


SKELETON OF AimODACTYLA, 


477 


even slightly heiit back beyond tliat line. The great Ireodom 
given to the movemeiits of the head relate, like the length of neck 
and general altitude of the body, to the culling of leaves from the 
trc(is bv<nvzcd on by the Giraffe. The part of the skull to wliicli 
the elastic ligament is attached is raised considerably above the roof 
of the cranial cavity by the extension backward of large sinuses, 
or air-cells, as far as the occi[)ut, fig. 32(>. The sinuses com- 
mence above the middle of the nasal cavity, and increase in 
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depth and width to beneath tlic base of the horns, where their 
vertical extent equals that of the cerebral eavity itself. Tire 
exterior table of the skull, thus widely separated from the vitreous 
table, is supported by stout bony partitions, extended chiefly in 
the transverse direction, and with an ol)lique and wavy course. 
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' Two of the most remarkable of these bony walls are placed at the 
front and back part of the base of the horns, intercepting a large 
sinus immediately over the middle of the cranial cavity, and 
from a third and larger one behind. The pre-sphenoidal sinuses 
arc of a large size. ^ 

Tlie chief peculiarity in the skull of the Deer-tribe is the 
animal development, from the frontals, of the solid deciduous 
exostoses Avhicli serve as weapons (fig. B26, r/, /;) during a portion 
of the vc^iir, in the males of all kinds and in both sexes of the 

Kein-decr. Most species likewise 
show vacuities between the frontal, 
8, nasal, 7, maxillary, 2, and lacry- 
mal, as in figs. o27 and B28. The 
base of the zygoma is perforated 
by a vein from tlie lateral sinus. 

The chief pcKuiliarity of the skull 
of the Elk {Alcos) is seen in the 
great length of the ynemaxillaries 
and of the edentiilous portion of 
the inaxillaries, and in the short- 
ness and breadth of the nasal bones, 
which do not join the premaxilla- 
ries. The vomer is carinate be- 
neath. 

In the Kein-decr ( Tartnulus) the 
antlers spring from within an inch 
of the snperoc(n‘])ital crest, and’ tlie 
frontal bones are proportioiiably 
extended backward on each side of 
the parietal, in which the sagittal 
suture becomes obliterated: the 
frontal suture is persistent, and is complex in its dentations at its 
posterior half. The large lacrymal presents two canals upon i,ts 
orbital liorder and a deep oblong depression on its facial sui'lace, 
above which is the vacuity leading to the olfactory chamber. 
The premaxillaries do not join the nasals, in the Fallow-deer 
{Dama) the frontal bones do not extend so far back as in the 
Kein-dcer, and the antlers, in consecpicncc, rise at a greater 
distance f|*om the occipital crest. The lacrymal bone has two per- 
foration^ at its outer border, and its facial plate is nearly equally 
divided into an upper convex and a lower concave surface. 'J'he 
autorbital depressions show but a small perforatioiq if any. 

* * xovjr. p. 235. 
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The skull of the Barking-deer {Cervus M7intjak) \^ remarkahlc 
for the great length of the persistent pedicles (fig. 328, e, c) 
which support the antlers, and wliicJi are continued from two 
strong ridges that traverse tlie outer side of the frontal hone from 
its junction with the nasals. The lacrymal presents a deep and 
well-marked fossa, anterior to which is the antorbital vacuity. 
The sockets of the upper canines are largely developed hi the 
niaxillarics. 

In all Euminants, and especially the horned kinds, the tem- 
poral fossic are small, the zygomatic arches weak, the coronoid 
processes of the mandible fig. 319, g, narrow, the base of the 
ascending ramus expanded; in short, the attachments of the 
biting muscle are restriiTed, tliosc of the chewing muscle ex- 
panded. That for the niasseter is s[iown by tlie ridge and 
fossa continued forward from the zygoma below the or])it : that 
for the ‘ pterygoidei ’ by the 
backwardly produced and 
rounded angle of the lower 
jaw. The ex(^e})tious to the 
edcntul ous premax i 11 aries 

have been noted. The arti- 
cular surface for the mandi- 
ble is Irroad, slightly convex, 

Avith a posterior semicircmlar 
(dianticl bounded by a ridge. 

The hyoid arch iiKiludes 
long, compressed, haminer- 
sha|)ed ‘ stylohyals,’ fig. 329, 

1, having at their promixal 
end the articular, a, and muscular, /v, [)roccsscs, the short ‘ epi- 
hyals,’ 2, the ceratohyals, 3, the l)asihyal, -i, and thyrohyals, 5 ; 
attached to posterior angular processes of the basihyal. 

^ C. Bones of the Lwihs , — Artiodactyles liave the limbs ter- 
minated' by feet of 4 or 2 toes, in symmetrical pairs: but, as in 
other Ungulates, almost restricted to locomotive functions. The 
Hippopotamus and tlie Gazelle manifest iii the even-toed series 
atialogous extremes in the proportions of the limbs, as do the 
Khinoceros and Horse in the Pcrissodactyles. T'lie blade-bone 
is long ahd narrow ; but the spine is more commonly ])roduced 
into an acromial angle in the Artiodactyles. In the Hipj)o- 
potamus, fig. 305, this angle is slightly produced : the coracoid 
is recurved. The greater tuberosity of the humerus is divided 
into two subequal processes, the inner one separated by a deep 
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and wide bicipital fossa from the lower inner tuberosity. The 
ulna and 'radius have coalesced at their extremities and at 
the middle of their shaft, the interosseous space being indicated 
by a deep groove and two foramina. The trapezium does not 
support any digit: of the other four, the two middle ones, 
answering to the third and fourth, are most developed. 

In the pelvis the ilia expand and bend outward from their 
sacral attachments almost into the same plane w ith the broad and 
flat sacrum : the lumbo-iliac angle is about 150^ The ischia, 
fig. 305, OM, are long and with the dorsal angles of the l)road and 
thick tuberosities produced tOAvard the caudal vertebne, as 
in other Artiodaetyles, figs. 308 and 310. The ischio-])ubi(* 
syni])hysis is long and more backw^ard than in the Rliinoceros ; 
the obturator vacuities ivre large; the acctalmla look downward 
and outward, their planes being about oO'" from the perpcnditmlar. 
The femur has a straight subeylindrieal shaft. The canal for the 
medullary artery commences at the u])por and fore ])art of the 
shaft. The fibula is distinct from the tibia, and extends from its 
proximal end to the calcaucum. The internal cuneiforme is 
present in the tarsus, but there is no rudiment of the innermost 
toe : the proportions of the other four resemble those of the 
fore-foot: the bones of the hind foot are noted at pp. 308, 309, 
and figured in cut 193, ‘ Hippopotamus.’ 

In the Wild Boar ( Sus scro/n) the spine of the scapula is most 
developed at its middle, AvJicrc it is bent back : there is no 
acromion. The coracoid is a low tubei*clc : the glenoid cavity is 
nearly circular. The humerus has an intercondyloid vacuity, as 
in the Peccari ; iuAvhich the inner division of the great tuberosity 
rises above tlie head of the bone, higher than in Sus. Tlie 
radius and idna are distinct in Sus, but invariably connected by 
a rough longitudinally grooved surface. The olecranon is large 
and compressed: the distal end of the ulna presents a small 
trochlear surface for the carpus and a narrow strip for the radius. 
In the Peccari the radius and ulna coalesce throughout nearly 
their Avholc extent. The trapezium and pollex are not present : 
the ‘index’ and ‘ miminus ’ digits are small ; the ‘ medius ’ and 
‘annularis’ large, and chiefly servic.eable in progression. 

The pelvis is longer and narroAver, relatively, in Suldco. than in 
tlie Hippopotamus : the lumbo-iliac angle is 145°, the vilio-pubic 
angle 12(3°. The medullary artery of the femur enters the fore 
part of its upper third and the canal slopes doAvuAAm'd. The 
tibia and fibila are distinct, and the latter fully deA’;el()pcd in both 
Sm and Dhotijles, In both, the symmetrical pair, Avhicli are 
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most developed and chiefly serviceable in progression, answer to 
the third and fourth digits of the pentadacjtylc foot: l)ut in Stts 
the homologues of the fifth and second are present; whilst in 
Dicott/les the fifth as well as the first toe arc wanting in the hind 
foot : in this the second toe is small ; the third and fonrtli are very 
large, and form a symmetrical pair, showing that the Artiodactyle 
structure essentially prevails, although the toes, by the non- 
development of the fifth, are, exce[)tionally, reduced to three in 
number in the hind foot of the Pec^ri. 

In the Camelidce^ fig. 300, the sca])ula though longer than 
in the non-ruminant Artiodactyles, is broader, relatively, than 
in lioriied Ituminants : its spine is ])roduced into a sliort pointed 
acromion : the (coracoid is grooved below, or sub-bifid. The 
humerus is Aveaker than in the Ox, stronger than in the Deer, 
longer relatively to the rest of the limb than in the Giraffe : the 
great tuberosity does not rise above the head : the ridge nf)on 
the outer condyle is less marked. Tlie ulna has coalesced witJi 
the radius, and ap])ears to be represented only by its ])roximal 
and distal extremities. Tlie carpal bones have the same number 
and arrangement as in ordinary ruminants, but the pisil’onne is 
proportionally larger. There is no trace of the digits answering 
to the first, second, and fifth in the pcntadactylc foot: the meta- 
car[)als of those answering to the third and fourth have coalesced 
to near their distal extremities, which diverge more than in the 
ruinimints, giving a greater spread to the foot, which is su])|)orted 
by the three phalanges of each of those digits. Tlie last jilialanx 
tleviates most from the ordinary form, by its smaller jiroportional 
size, rongiier surface, and less regular shape: it supports, in fact, 
a modified claw rather than a hoof. The ilium, iiv pro]H>rtion to 
the ischium, is longer than in the IJijipopotamus. In tlie femur, 
the chief deviation from the ordinary Ruminant type is seen in tlie 
position of the orifice of the canal for the medullary artery, which 
enters the back part of the middle of the shaft, and inclines 
oWiquely upward. I'hc fibula is represented by tlie irregularly- 
sha})e(l ossicle interlocked between the outer side of the distal end 
of the tibia and the calcaneum. The scajihoid is not confluent 
with the cuboid as in the normal Ruminant: the vest of the hind- 
foot deviates in the same manner and degree from that type, as 
does the fiirc-foot. In both metacarpals and metatarsals, notwith- 
standing the intimate blending of the two bones a])parent exter- 
nally, their medullary cavities are distinct : the canal of the 
medullary artery enters the back part of each, above the middle, 
and ascends obliquely to its respective cavity. 

VOL. If. . 11 



48-2 


anatomy of VERTEliKATES. 


In true Ruminants the spine of the scapula is not produced, 
as in Camelidxpy but termihates in an acute {Bos) or a right 
angle {Cervus): the Musks and Chevrotains agree with the 
horned families in this character, but the coracoid is a better 
defined process in the latter : in all, the scapula is a long slen- 
der triangle, with two equal or subequal sides, the infraspinal 
division chiefly expanding to the base, which is truncate in Bosy 
fig. 309, Antllopc and Cervus y fig. 311 ; but rounded off* at the 





hinder angle in CamciopanlaUsy 
fig. 310: in this lluminant the 
cervix scapula; is unusually long.. 
The hiimeruSy fig. 330, A, is 
short, but strong, with slightly 
expanded ends : the outer tu- 
berosity, at the proximal one, 
rises above the head of the bone, 
and bounds, witli the inner tu- 
berosity, a deep bicipital groove: 
the deltoid crest, i, is less ]>ro- 
ininent than in the J lorse. The 
distal articular end ]>resents 
three prominences answering to 
the holloAvs of the liead of the 
radius, the internal one being 
the broadest and lowest. Hie 
supracondylar ridges arc but 
little produced : the olccranal 
fossa is dee]), and perforated in 
Musk-deer, Chevrotains, and 
Microtheres, as in the Hog- 
tribe. Ill the Gnu {Antilope 
Gnu) the humerus is as long 
as the metacarpus : in the Ox, 
fig. 309, it is longer ; in the 
(iiraffe, fig. 310, and Gazelle, 


Rones of the fore and Idnd liinljs of the Tiidiau 
Antcloix?. xevr.’ 


fig. 330, A, it is shorter. The 
radiusy fig. 330, A, 2, is the cliief 


bone of the antibrachium : its proximal trochlear surface oflers 
three eminences and as many depressions to the humerqs, restrict- 
ing the movements of the fore-leg to one plane. The shaft is 
slightly bent forward : the distal end is moulded to the irregularities 
of the carpus, and is most impressed by the scaphoid, especially 


* XLiv. p. 605, iios. 3672 and 3673. 
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in tlie Clievrotains. The chief part of the ulna, lb. 3, is its com- 
2 )ressed olecranon : the slender shaft may be continued to the 
carpus, as in Moschidm, most Antelopes, Sheep, the Elk, the 
Kcin-decr, fig. 31 1, the Fallow-deer, and the common Ox. In 
the Chevrotains it longest maintains its individuality: in the 
Musk-deer and Elk the distal * extremity coalesces Avitli that of 
the radius ; in the Kein-deer tlic shaft, also ; in tlie Ox this is so 
confluent as to l)e hardly traceable from the olecranon to the 
styloid exti*emity. In the Giraffe the ulnar shaft is interrupted 
at its lower third, but the distal end reapj)ears, as the ^ styloid 
])rocess,’ but is connate with the distal epi[)hysis of the radius. 
The radius and ulna are so Interlocked that the fore-foot is ke])t 
‘ prone,’ or with the surface ansAvering to ^ ])alm ’ 
turned back and doAvrnvard : there is a parrow cleft 
at the up])er part of their line of union, and some- 
times a second lower doAvn. In the carpus the usual 
four bones of the proximal roAV remain distin(‘t: in 
fig. 330, A, 0,4 is ^ scaphoides,’ 5 lunare, o cunei forme, 

7 pisifonne : the distal row consists of the ^ trape- 
zoides,’ in some, and in all of the ^ magnum,’ s, sup- 
porting the moiety of the metacarpal answering to the 
‘third ’one of the pentadactyle foot, and the unei- 
Ibrme, <), supporting the moiety ansAvering to the 
‘ fourth ’ metacarpal, 'iriicse metacarjials early coa- 
lesce into a single ‘ cannon-bone: ’ but a longitudinal 
section, as in fig. 331,^ sIioaa's the medullary (janal of 
each distinct, in Merjaccros, as in most Ruminants ; 
in a few, c.g. the Yak ( Bos (/runmens) tlie sej)tum 
bec.omes partially absoi'bed.^ Longitudinal grooves 
at the ff)re (fig. 330, a, lo) and back j)arts of the 
cajuioii-boiic, Avith antero-posterior ])crf orations, arc 
the outAvard signs of* the original sej)aration : tlmy are 
most strongly marked in the Chevrotains ( 7 /v/^w/w.s) ; and the 
severance persists in the Water-Musk {J h/a\mosclnis) as in the 
extinct Dichodous, Anoplothercs, and Microtheres. Each moiety 
of the cannon-bone has its distinct distal tiochlea, fig. 331, a, /y, 
which is traversed by a median ridge, r, from before backward. To 
each trochlea articulates a proximal phalanx, fig. 330, a, ii, sup- 
porting a middle, 12 , and this an unecjual phalanx, 13 , of a tricdral 
conical shape, modified to be sheathed in a hoof; the unsymmetry 
of each hoof being such as to form a symmetrical pair. They re- 
semble the single hoof of the horse cleft in twain ; whence the 
xcir. p. 2C0, no. 1162. lb. Yol. ii. p. 628, no. 3852, 
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Riimmanis are saiil to ‘ divide the hoof.’ In the Giraffe, fig, BIO, 
Ant elopes, fig. 330, and Deer, fig. 311, the proximal phalanx is longer 
than the next: in the Ox and Musk-deer the differeiK^e is small : 
in the Chevrotairis, they are more nearly of the same lengtli. In 
the Giraffe, as in the Camel-tribe, there is no trace of other toes: 
in most true Ruminants stunted portions of them are sus])endcd to 
the back part of the distal end of the cannon-bone, wheiu^e dangle 
the ])air of ‘ S])urious hoofs,’ fig. 330, />. In the Bison the bones 
of these consist in each of the middle and distal ]>halanges : and 
there is a styliform re])rcsentative of the proximal end of their 
respective motacar])als articulated, in the fore-foot, one to the 
connate trapezoid, the other to the unciform and cuneiform bones.’ 
In Deer the spurious hoofs are supported by the three |)halang(‘s 
proper to the second ajid fifth digits, and l)y a stylirorm distal 
end of their respective metacarpals with the })oint ujiward : these 
hooflets are large enough in the Rein-deer, fig.311, to usefully 
increase the base <vf the ‘ snow-shoe,’ formed by its Inoad hairy 
and horny foot, with the advantage of their collapse .as the foot is 
withdrawn. The Mosrhns moschifiruH ha>s a similar bony structui e 
of the second and fifth digits; while the still smaller Chevro- 
tains, like the end>ryos of larger Ruminants, show so much more 
of the generalised foot-stnujture as is exemplified by the ex- 
tension of the slender metacarpals of those ‘ spurious bools ’ 
from them to the carpus. 

The os innominatum is elongate with the iliiic portion con- 
cave lengthwise, convex across, externally, with the ex])anded 
anterior end divided by a ridge into the ])ortions h and c, fig. 
332, articulating with the sacrum, a, and rising as high as, or 
al>ove, the sacral sj)ine : the portion, c, is thickest and broadest 
ill the heavier Ruminants: the ilium joins iJio S])ine at an angle, 
of about 145^ The ischium extends hack from the aeetahn- 
lum, two-tliirds or threc-fonrths the length of the ilium, with 
the tul)erosity, c, bending upward : tlie tuberosity is strength- 
ened in Deer, Antelopes, and Oxen by a ridge, g. In the 
male Chevrotains the iscliia join the elongated sacrum by ossi- 
fications of the sacrosciatic ligaments, but in the females tlieso 
retain their normal extensile texture. The tendons and apo- 
neuroses of the dorso-spinal muscles become more or less ossified 
by age, and a thin roof of bone may tlms overareli the- pehis, as 
e.g, in Tragulus jaimnicus, Tt\ Kanehil^^ &c. The pubics,/, .are 
slender : they converge to the symphysis at an iliopid)ic angle of 
about 135°. The iliopeetineal spine is well marked in sonic 
* fl\l. j>. Cl, lig. 5, 2 Lxxii*. }). 581, no. 3498. 
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Deer. 1» tlio Ox, fig. 332, the symphysis pubis is ] placed ob- 
liquely? so as to cause the anterior pelvic opening to be longer 
than the posterior one: in the Deer, fig. 333, the synipljysis runs 
more parallel with the sacrum. The aeetabula are (tarried by the 
length of the ilia opposite ific last sacral vertebra, at the apex of 
the >v ide arch of the os innominatiiin : the plane ol’the aperture is 
inclined al)out 40° from the perpendicular. In the Cow, near the 
])eriod of parturition, the 
ischial tiil)erosities, l)y the 
relaxation of the ligaments 
and sinking of the sacrum, 

I)(X‘-ome more ])rotid)erant 
than at other times. In 
the Giraffe the ])osterior 
concavity between the 
ilium and ischium, as in 
the Deer, fig. 333, is 
scarcely iiitcrnipted by 
tlie prominence oi' the con- 
joined bones above the aeetahulnin. The Harderian groove ot 
the acetabulum is wide UJid dee]), and ])r(?aks through the border 
of that cup. 

The bind-limb, fig. 330, 13, exceeds tlic fore-limb, il). A, in 
length in all Ruminants; 
least so in the Cameliddi 
and (iiraffe, most so in 
the hounding Deer an<l 
Antelo])es. 

The femur of Rumi- 
nants, il). B, 1, as of other 
A rtiodacty les, has no third 
trochanter ; and the me- 
dullary artery enters the 
tore ])art t)f the shaft, us- 
ually at the u|)pcr third, 
and goes downward and 
backward to tlie medullary cavity ; the antero-posterior expanse 
of the distal end is great, especially in the Giraffe: and tlie 
inner border of the rotular channel is more produced than in the 
llog-tribc, without developing an irregular prominence as in the 
Perissodactyles. The Camelidoi offer the cxcei)tion in the position 
of the foramen* and canal of the medullary artery, and in the sub- 
equal development of the borders of the rotular chiiiiiicl. The 
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Moschidm asree in both characters Avith the horned Ruminants : 
but the rotular channel is unusually long and narrow in the 
Chevrotains. Tlie head of the femur turns but little out of tlio 
longitudinal axis of the shaft, of which the great trochanter is 
the highest part: the articular surface extends from the head 
toAvard the base of the trochanter, in a subtrochlear form : the 
ligamentous ])it is in the middle of the hemispheric part of the 
head. The back ])art of the proximal end is flattened, especially 
in Cnmelifldi : the trochantcrian fossa is deep, that above the 
outer condyle is shallow ; its outer border is continued from the 
‘ linca aspera,’ and is rough : there is a rough eminence at a 
similar distance above the inner condyle. 

The tibia, ib. n, 2 , like its homotype the radius, is tlie chief 
bone of its segment ; it is also the longest bone of the hind limb. 
The proximal end is most expanded : the two articular surfaces 
rise at the middle of the head, and that of the inner surface' 
higher in BovuIcr than in Cervidm : there is a tuberosity at tlieir 
})ostcrior interspace : the broader base of the anterior s])inc fills 
up the anterior one, but is se[>arated from the outer condylar 
surface by a deep groove: the spine projects from the fore part of 
the uj)]:)er fourth of the shaft, inclining outward : it sid)sides to- 
ward the inner side of the shaft, the back part of wliich is llat- 
tened and marked by longitudinal intennuscular ridges. The 
distal articidar surface is subquadrate, witli a notch and articudar 
fossa tm its outer side for the ossicle representing the distal or 
‘malleolar’ extremity of the fibula,' fig. 193, 67, (Ox); this coa- 
lesces with the tibia in Chevrotains. In the Rein-deer, as in 
Moschus nio Sid lifer us and M, aquaticus, the proximal end of the 
tibula projects dowuAvard as a short stylifo nn process from the 
outer part of the head of the fibula: in Traifulus Napu it extends 
more than half-way doAvn the tibia,^ and the sliaft exists ns 
a sclerous tissue in all Ruminants. The distal articular surface 
of the tibia presents a pair of deep antero-])ostcrioi‘ channels 
divided by a transversely convex tract of equal extent : they 
are less oblique than in the Horse-tribe: the inner malleolus 
descends the loAvcst. 

The tarsus, fig. 193, ‘ Ox,’ consists of astragalus, a, calcancum, 
cl, scapho-cuboid, and c<;tocuneiform, ec : the confluence of 
the naviculare or scaphoid \\dth the cuboid does not take place in 
CamelidcB : it does so in Moschidxe, and the fusion extends to the 
ectocuneiform in Traijutus.^ A niesocuneiforiu is present in 

’ CLi. tom. IV. p. 18. xLiv. p. 580,’ no. 3495. 

^ ® lb. and lxxii-, p. 59. 
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Chevrotains for the support of the slender metatarsal of the toe 
answering to the second of pentadactyle feet. The corresponding 
metatarsal, fig. 334, c, of the fifth or outermost too, ih. />, articu- 
lates witli the cuboid, 9 . In Aloachm fKpiatkmj the second and 
fifth metatarsals coexist ^yi\h an almost eornplele 3^4 

severance of the third and I'ourtli, whicli, in a 

state of confluence, represent the metatarsal seg- -i /| 

inent in other llmninants. The true Musk-deer O 

and most horned Ruminants liave the distal ends 
of the second and fifth metatarsals ossified, and 
supporting the small digits terminated by the //If 

‘ s])urious hoofs,’ fig. 193, ii. A': in the (xiraffe 
and Camel tribe these are Avliolly absent, as are 
their homotypes in the fore-foot. T^he digital 
])halanges of the hind-foot, fig. 330, b, h, j2, la, /W 

closely correspond with those of the fore-foot. 

In all Ungulates the encasing of the end of 
the digit in a hoof is accompanied by a junction 
of the radius and ulna su<*h as to prevent rccipro- 
cal I’otation of those bones on each other, and by * 
a joint with the huincrus restricting the movements of the anti- 
brachiiiiu to flexion and extension in one plane. The expansions 
of the humerus for attachment of pronator and supinator muscles 
are uncalled for; while the proximal })rocesses giving leverage to 
the permitted motors of the limb may project in a degree which 
wu)uld impede its more varied and freer motions. The length of 
the blade bone and of muscles arising from it is increased at the 
expense of their breadth ; the acromion is stunted, and clavicles 
are absent. The concomitant modifications of the skull and jaws 
in relation to masticating vegetable food are best exemplified in 
the Ruminant Ungulates, and have been specified at p. 471. 

§ 189. Skeleton of Carnwora, — In the Ungiiiculate Gyren- 
cephnla the Avholc frame is modified, in degrees corresponding 


Avith the perfection of the claws as prehensile weapons, for 
mastery and destruction of other animals. The mandible, fig. 
341,32, is short and strong, it is articulated by a close-fitting 
joint to the skull almost restricting its movements to one plane, 
as in opening and closing the mouth, for biting, and for dividing, 
not ])ounding the food. The coronoid process giAung insertion to 
tlie temporal muscles is broad and high; the fossie from which 
they rise are large and deep, and augmented by perij[)hcral ridges 
of bone. T4ie zygomatic arch spans across the muscle, bending 
outAvard to give space for its passage, and arching upAvard for the 
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more extensive and favourable attachment of accessory fascicles. 
Each toe has its distinct metacarpal or metatarsal. The digits, 
esi)ecially in the fore-limb, enjoy freedom of motion and power of 
reciprocal approximation and divarication ; the terminal phalanx is 
compressed and deep, Avith a plate of bone reflected forward from 
the basal periphery, beyond which the apex of the phalanx pro- 
jects like a peg from a sheath : the claw is fixed upon the peg, its 
base being firmly wedged into the interspace betAveen the peg and 
tlie sheath. In the Felines, AAdiicjh arc the most perfect carni- 
vorous Unguiculates, the chiAv phalanx is retractile. The foi-e- 
paw,so armed, is attached to the radius and ulna, Avliich are entire, 
distinct, and strong bones : these articulate Avith the humerus by 
a joint, Avhich, although well knit, alloAvs both freedom of motion 
in bending and extending., and also a reciprocal play of the tAvo 
bones, the radius rotathig on the ulna, and carrying Avith it, by 
the greater expanse of its lower end, the paw, which can tlius be 
turned ^ prone’ or ‘ supine,’ whereby its efficacy as an instrument 
for seizing and tearing is enhanced. The humerus has strong 
ridges from the outer and inner sides above the condyles for ex- 
tending the origins of the muscles of the paw ; and, to defend the 
main nerve and artery of the fore-leg from compression during 
the action of these muscles, a bridge of bone sjians across them in 
the feline, and some other Carnivora, The upper end of the 
luimerushas a long and strong deltoid ridge; but the tuberosities 
do not project beyond the round head of the bone so as to impede 
its movements in the socket. The scapula is ol* great breadth, 
with Avell-dcA eloped s])ine, acromion, and (‘oracoid, A small 
clavicular bone is inter[)oscd in most Carnivora betAveen a muscle 
of the head and one of the arm, giving additional force and de- 
termination of action to them. Such are the chief modifications 
ol‘ the framcAvork of the unguiculate as contrasted with the 
u ngulate Gi/rencephala, 

A. Vertebral Column , — This part of the skeleton of Carni^ 
vara is modified in relation to the medium of life, degree of car- 
nivority, and modes of motion of the speedes. In no Carnivore 
do cervical vertebrae articulate by ball-and-socket joints ; and in 
all, the seventh has the transverse processes imperforate, consist- 
ing only of diapophyses. The Harp Seal {Phoca grtmlandica, 
fig. 332) lias 15 dorsal, B, 5 lumbar, L, 4 sacral, s‘, and 8 
(aiudal. Ten pairs of ribs directly join the sternum, Avhich 
consists of eight bones : the manubrium, 52 ', is much produced, 
for extending the fore-and-aft origins of the pectoral muscles. The 
neural arcJics of the middle dorsal vertebne are slender, leaving 



SKELETON OF CAUNIVOIiA. 


489 


wide intervals of* the iicuriil canal. Tlic bones of the neck are 
modified to allow of great extent and freedom of inflection. The 
perforated transverse processes of the third to the sixth cervicals 
inclusive are remarkable for the distinctness of their di-and pleur- 
apophysial parts. Metapo|)hyscs are developed on the last five 
dorsal vertelmc : the strong hypapophysial ridge Of the lumbar 
vertebne divides into two tuberons processes. These processes 
indicate the great developement of the anterior vertebral muscles, 
e.g. the ‘ longi colli ’ and ‘ psoie,’ and relate to the im|)ortant share 



Ilari* Si.'Jil (Phocttiirfriihinthni). i.Wfil ■. 


wliich the vertebrae and muscles of the trunk take in the loco- 
motion of the Seal-tribe, especially when on dry land, where they 
shuffle along on their belly. 

In the Sterrink or Saw-toothed HQiil(Sfmorh/nrhusstm^^ 
witli 15 dorsal, 5 lumbar, 3 sacral, and 11 caudal, the metapo- 
physes commence as tubercles outside the prezygapophysis on the 
second doi’sal, are distinct on the third dorsal, })ass on the fore 
part of the diapophysis In the fourth, and continue rndimental as 
fill’ as the tentli dorsal, on which they are well and distinctly 
developed; they again ])ass upon the oiitiside of the prezygapo- 
physis in the eleventh and twelfth dorsals, and so continue 
throughout the lumbar, sacral, and anterior caudal vertelirjc. 
The anapo})hyscs are mere rndimental projections from iiie back 
part of the diapophysis. The transverse jirocesscs of the axis are 
more developed than in the Fhoca grmnlondicd ; they show as 
distinctly as dii the other cervicals, but on a smaller scale, the 
pleur- and di-apophysial parts of the process. Tlic cervical and 
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anterior dorsal vertebra) have a hypapophysial ridge, whicli, in 
the latter, is produced into a tuberosity : the lumbar vertebrae 
are characterized by a pair of hypapopliyses from near the hinder 
end of the centrum. The eared Seals have the same vertebral 
fonnula : the anterior sacral vertebra) are narrow. 

The Walrus ( Tricliectis Romiarus), like the Otter, has 14 
dorsal and 6 lumbar vertebra). Nine pairs of ribs directly join the 
sternum, whicli consists of eight bones. The anterior sacral s 
have greater relative breadth than in Plioca or Otaria : as in 
true Seals the tail is short, Avith 9 or 10 vertcbrie. 

In the Bear-tribe, as in the Seal-tribe, the number, of true 
n*tebrie is ^ as a rule, and 14 of these usually bear movable 

3;5C 



Polar Bear (Ursns ruanihniifi). rxxri r . 


ribs; but I have seen 15 ‘dorsal’ vertebrae in Ursus maritimus, 
fig. 333, and in U, lalnatus, the latter having 5 lumbar instead of 
C), which is the common miml)er. Nine pairs of ribs articulate 
directly with tlie sternum, Avhich consists of eight bones, Avith a 
xiiihoid a])peiidage. The manubrium is truncate anteriorly. The 
number of anchylosed sacral vertebne may vary from 5 to 7, that 
of the caudal vertebne rarely exceeds 10. The met- and an- 
apo])hyses are distinct on the twelfth dorsal, diverge and increase 
on the succeeding dorsals, themetapophyses continuing throughout 
the lumbar series ; the anapophyscs, after underlap j)ing the pro- 

second lumbar, rapidly subside. 
The neural spines are better developed than in the Seal-tribe, 
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but do not indicate a centre of motion, save in the smaller and 
more active subursincs. In the liacoon they converge to the 
twelfth dorsal : the caudal vcrtcbric, 16 in this plantigrade and 18 
in the Badger, increase to 31 in number in the Kinkajou, wliere 
the tail is prehensile, Avhence the name Cercoleptes caudivol- 
vulus. The Benturong (Artlctls) has a similar caudal develope- 
nicnt, with lucinal arcjhes on the ten anterior vertebrtc. In tlie 
last five cervical vertebne of the Ratcl the neural arches arc 
longer than the centrums and overlap each other in an imbricated 
manner, giving great strength to the articulations ol‘ this part of 
the vertebral column. Tlic number of dorsal vertebrai is 15, as 
in Mfjdaus and A/c/c.v, ^\\\h 5 lumbar ones. 

In the more digitigrade Mustelines, tlie Sable (Mffsffla zihrU 
/// 2 «)has 14 dorsal, 6 lumbar, 3 sacral, and 18 caudal. The eleventh 
<lorsal vertebra is that toward which the st)ines of the other 
trunk-vertebrae converge. The ana])opliyses begin to be de- 
veloped upon the ninth dorsal, and arc continued to the penulti- 
mate lumbar vertebra. Ten pairs of ribs directly join the 
sternum, wliich consists of nine bones, with a xiphoid cartilage. 
In the Ermine (Putorius enmnctf.s)y with a similar vertebral 
formula, the spines of the tenth and eleventh dorsal vertebne 
(‘onverge towards each other and almost meet, indittating the 
c.entre of motion of the trunk. Ten pairs of ribs directly join the 
sternum. I'he neck is strengthened by the overlapping of the 
costal ])arts of the transverse processes of the third to the sixth 
cervical vertebne. Some of the anterior caudal vertebne have 
Inemapophyses. The Otter (^Lutra vulr/aris) has 25 or 26 caudal 
vcrtebrie. 1'cn {)airs of ribs directly join the sternum, which 
consists of nine bones and an ensiform cartilage. The spine of 
the eleventh dorsal vertebi'a is vertical, and those before and be- 
hind it converge towards it. The metapO[)liyscs begin to be 
dcvelof)ed on the twelfth dorsal vertefbra, and are continued 
.throughout the lumbar series; they are low and obtuse. The 
anapophyses commence at the eleventh vcrtci)ra, and are con- 
tinued to the penultimate lumbar. The spines of the three sacral 
vertebraj have coalesced to form a vertical crista. IlicmApopliyses 
are developed beneath several of the anterior caudal vertebne ; 
they are articulated, and some of them become anchylosed to 
short hypat)ophyses or exogenous processes from the under and 
fore part of the centrum, and then are continued in several of tlie 
succeeding vertebrae, which have not the hajmal arch complete. 
The neural arch is incomplete beyond the eighth caudal vertebra. 
The entire tail is longer and much stronger than in the terrestrial 
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Mustelidai : it is the chief organ in regulating the course of the 
Otter tlirough the water. 

In tlic Civet ( Viverra clmUa^ the transverse processes of the 
atlas have a more extensive origin than in the Otter^ and are ])er- 
forated both liorizoiitally and vertically by tlic vertebral artery 
before it pierces the neural arch. In the axis the median inferior 
ridge, and the two lateral ones continued u[)on the transverse 
processes, are longer, deeper, and sharper than in the Otter. 
Certain Yiverrines, e.g. tlie Palm-cats {Paradoxurus) have tlic 
tail organised for prehension, including upwards of 30 joints, with 
luemal arches beneath the inters])aces of the first eight or ten. 
The prozygajiophysis of one lumbar vertebra is received into the 
interspace between the postzygapophysis and the anapopliysis of’ 
the antecedent vertebra : this interlocking whicli commenced in 
tlie plantigrade and nuisteline Caridmra., is continued in the pre- 
sent (viverrine) and subsequent families. 

Among the Canidre. the Wolf {Canis lupiis)^ has 13 dorsal, 
7 lumbar, 3 sacral, and 15 caudal. Eight pairs of ribs articulate 
directly with the sternum, which consists of eight bones. The 
eleventh dorsal Y(?rtel)ra is that towards which the spines of the 
other trunk-vertebrae converge. Metaj)oph}\ses liegin to be de- 
veloped on the eighth dorsal, and are continued to the fourth 
lumbar vertebra. 

The Dog agrees with tlie W olf in vertebral characters. 

In a Fox (^Canh rufus) the vertebral formula is the same, 
save that the tail-joints are more slender and numerous, being 22. 
A few oi the anterior (•aiidal vertebne liave Inemajiophyses : the 
siqiporting processes or Miypapopliyses ’ are developed from a 
greater number. The sacrum is I'cmarkable for its sudden dimi- 
nution of size, as conifiared with the lumbar vertebrie, and only 
tin; first sacral vertclira articulates directly with tlic iliac bones. 

The Hyienas have 15 dorsal and 5 lumbar vertebne : the striped 
kind {If. mih/aru) has 3 sacral and 23 caudal : the spotted kineb 
(//■ e.roait(t') lias 4 sacral and but IG or 18 (‘audal. Eight pairs 
of ribs articulate directly with the sternum, which consists of 
eight bones. The transverse processes of the atlas are perforated 
longitudinally and vertically by the vertebral artery before this 
perforates the neural arch. The strong s[)inc of the axis is bifid 
posteriorly. The convergence of the dorso-lumbar spines towards 
that of the thii tcenth dorsal is feeble compared with other Car- 
nlviira. Anajiophyses begin to be developed on the thirteenth 
dorsal and subside on the penultimate lumbar vertebrae. 

The Lion {Bells leo, fig. 337) has 13 dorsal, 7 lumbar, 3 sacral, 
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and 23*-25 caudal vertcbrne. The spine of the axis lias great 
height, length, and posterior breadth, arching forward and back- 
ward, ovcrlajiping the third, of Avhich the sjniie is obsolete; that 
of the fourth Is short and vertical, indicating a centre of the motions 
of the neck. Tlic anterior dorsal spines are lofty and strong, for 
tlie origin of nuiscles imjilanted in the ridged and pitted back 
]>art of the skull, wliereby the head can lie raised together Avitli 
the prey Av hid i the jaws Iiavc seized : a Lion thus dra^vs along 
the carcase of a IliifTalo, and can \vHh case raise and bear off the 
body of a man. Tlie eleventh dorsal is that toward Avhich the 



Lion {Ft'HsLcu). i.xxiii-. 


spines of‘ the other trunk-vertebrie converge: the anapophyses 
begin to jiroject baedeward from this vertebra, and are continued 
to the [lenidtimate lumbar. Eight pairs of ribs directly join the 
sternum, Avhich consists of eight bones, "riie lumbar dia|) 0 [)hyscs 
are long and antroverted. The tail is tlie chief seat of variety 
in the vertebral column of the feline group. The Lynx {F, 
Ljptx) has the number of caudal vertebrjc reduced to 15. 
In a tailless variety of domestic cat a stunted mass of 4 or 5 
coalesced caudals has become hereditary. 

The carnivorous unguiculate do not, like the herbivorous ungu- 
late Gyrencephala, shoAv two series by numerical characters of 
trunk-vertebrai ; tlie constancy of twenty dorso-lumbars is re- 
markable and significant: the exceptions are not, only rare, but 
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abnormal. Where the trunk is lithe and subject to varied and 
agile turns and bends, the number of pairs of free elongate pleur- 
apophyses is small, and that of the vertebne wanting them gi’cat; 
thus the springing' Cats, the swift-footed l,)ogs and Foxes, the 
elimbiug Bcnturong,havo 13 dorsal and 7 lumbar: the Viverrines 
and Mustelines commonly show 14 dorsal and 6 lumbar; the 
stifler-trunked Hyicnas, 13ears, and Seals have 15 dorsals and 
5 lumbar: and mostly, where an exceptional excess occurs in any 
of these groups in one scries of vertebra^, it is balanced by as 
exceptional a deficiency in the other series. 

•B. Shull . — In tile Harp Seal {Phoca (jnsudamlicci) the basi- 
occipital is a thin plate, and shoAvs a vacuity in front of the 
foramen magnum : it early coalesces with the basisfdienoid : the 
paroccipital is small, su bretro verted : the mastoid large, swollen, 
not prominent. The frontal, fig. 338, n, gives its larger proportion 
to the orbital and olfactory chambers. In the latter the confluent 
l)refrontals and vomer form au extensive bony septum lietween 
the meatuses wliich are blocked up anteriorly by the complex 
turbinals. Both the tentorium and posterior [)art of the falx are 
ossified. The shallow ‘ sella ’ has overhanging posterior clinoid 
processes. The petrosal is perforated by the entoearotid and 
impressed l)y a deep transv'erse cerebellar fossa. The tympanic 
forms a ^ bulla.’ The meatal portion of the tympanic is slightly 
bent and directs the external auditory aperture oblicpiely forward 
and upward. The squamosal has a small cranial plate,//, and a 

large thick zygomatic pro- 
cess, 27, with rises at its 



Skull of it Soul { Phoca). 


junction with the malar, 20 , 
to [lartially define the orbit 
posteriorly. 

The seals, like other cai- 
nivora, have the orbit, c, 
incomplete behind, and con- 
tinuous with a large tern-' 
poral fossa ; the nasals, 15 , 


arc short, and the nostril looks more or less upward, in refer- 


ence to their common sojourn in water and tlie necessity of 
rising to the surface to breathe. The condyle is the hindmost 
part of the mandible. 

In the Grey Seal {llaliehoij'us griseus) the skull is remarkable 
for the straightness of its upper contour and the sudden bending 
down of the equally straight line formed by the deep and narrow 
premaxillaries.^ There is a deep depression in the superoccipital, 
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overarched by a thickly-developed occipital ridge ; the squamosal 
and malar rise ahruptly at their junction at the middle of the 
zygoma. The acoustic bulla receives the meatus auditorius l)y 
an expanded and oblique opening. The olfactory fossie contain, 
as in all Seals, large and comjdex tiirbinal bones. Tlie bony 
palate is terminated behind by a semicircular notch. 

In the Monk Seal {Pclngius monnehus^ the uj)per contour of 
the skull presents a sigmoid curve. TIic temporal ridges meet, 
and form a low sagittal crest oxer the posterior half of tlie 
frontals and parietals. The upper jaw is much less dee]) than in 
the Tfalic/mi'us, tlie canines are relatively larger and the nasal 
bones are mucli shorter. The entocarotid canal perforates the 
back pai t of the petrosal as in the Phova (jrcenlandlca : the ecto- 
c.arotid docs not ])iercc the pterygoid ]>r<jcess. 

In the Sterriuks (^Stenorlifpichits^ the skull is longer, more 
"canine’ in the ])roportlons of jaws to cranium, than in other 
Seals. The malar is long and slender, defining the orbit below : 
a lacrymal jirocess of the maxillary projects from the anterior 
rim. llic basis cranii is Jong and narrow^ in Stenorhi/nens 
onyx. In the saw-toothed Sterrink ( Stmorhynchus sr/ridens) 
tlie hicial part tapers more gradually than in the Stmorhynchus 
leptonyx. The paroccipitals are small, but distinct. The pe- 
trosals are perforated posteriorly for the entocarolids ; the 
pterygoid processes are imperforate. The tem])()ral ridges meet 
upon the sagittal suture, but do not develoy)e a crista. The malar 
bones arc slender, strongly curved, bifurcate yiostcriorly, the 
upper prong rising to form, with the zygomatic ])rocess of the 
squamosal, the postorbital boundary. Tlicrc is no corresponding 
]>rocess from the frontal. The antorbital process of the maxillary 
is small, but distinct. The premaxillaries are narrow and slender, 
but do not reach the nasals. The posterior border of the l)ony 
palate is terminated by a deej) semi-elliptic notch. A single 
superocci])ital venous canal opens, in Sten, lejdonyx, w ithin the 
border of the foramen magnum. I'lic basioccipital shows two 
depressions. The sella turcica is very shallow, and is defined 
only by a posterior clinold ridge, between w hicdi and the jjlatform 
for the optic chiasma there is a Jong tract. The petrosals termi- 
nate by obtuse subdepressed apices. TUa foramina lacera anteriora 
are of upusual size, and appear to include the foramina rotunda: 
there is no ridge indicating the division between the anterior and 
middle lobes of the cerebrum. Tlie rhinencephalic fossic are small, 
but deep and well defined, and completely divided by a broad and 
thicJi crista g*alli. 



496 ANATOMY OF VERTEBRATES. 

In the Ursine Seal {Arctoccphalus austraUs) the border of 
the siiperoccipital, forming the upper part of the foramen mag- 
num, shows the orifices of two venous sinuses. The posterior 
border of the bony palate has an angular notch. The jiterygoid 
processes arc pierced for the ectocarotids. The frontal dcvclopes 
a superorbital plate. The mastoid projects free of tlie tympanic. 
The olfactory chambers extend backward exterior to the rhineii- 
ccphalic fossa. 

In the Hooded Seal ( Cystophora cristata\ the thin basioccipital 
shows a small vacuity. The sujjcroccipital inclines from below 
upward and forAvard, The temporal eristic have not met aliove 
the parietals. The prcrnaxillaries do not reach the nasals : they 
form Avith the maxillaries an antorbital ])romiuence. In the great 
Proboscis- Seal, or Sea-Klephant (^Ct/stophora -prohoscidan), the 
occipital condyles meet uj/on the basioccii)ital : the ])aroccl pi tills 
arc less prominent than in the (hjstophom cristata. Traces of the 
suture betAveen the basisphenoid and the basioccipital and between 
the basisphenoid and presphenoid long remain. The cntocarotid 
canals at the back part of the petrosals are very cons|)icuoiis : 
there are no ectocarotid canals. The sagittal crista is feebly in- 
dicated, but the occijiital crest is consjricuous for its great height 
and thickness; the loAver border of the superoccij)ital ])resents 
tAvo vertical venous perforations, Avhich are likewise present in the 
Cystophora cristata. The tentorium is less ossified than in the 
Otaria leonina. The Avails of the cranium formed by the parietals 
are thick Avith a coarse diploc : a very small })roj)ortioii of‘ the 
squamosals enters into the formation of those Avails : the mastoid 
has a dense structure aa here it coalesces Avith the base of the zygo- 
matic process. Two vertical venous sinuses terminate above 
the foramen magnum : the basioccii)ital is also perforated by a 
similar venous sinus near its middle part. The petrosal is ex- 
cavated by a deep but narrow cerebellar fossa ; a long groove or 
notch upon its upper surface leads to the meatus auditorius 
intern us : the petrosal is, as it Avere, bent upwards u])on this 
groove. The tympanic bulla sup})orts the under part of tlie 
petrosal like a capsule, l^lic tympanic cavity is divided into tAvo 
chambers, one above the tennination of the meatus externus, the 
other ben(>ath and internal to it. The carotid canal perforates 
the tympanic internal to this part of the chamber. Tjie Eus- 
tachian groove commences from the angle between the suj)ra- 
and infj'a-meatal divisions, and groAvs deeper and Avider until 
it forms the canal at the fore i)art of the tympanic bone. The 
rhinencepiialic fossa is divided by a strong and 'sharp crista 
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galli. The frontal bones form aii unusually small proportion of 
the cranial cavity : they are extensively ovcrlap])ed posteriorly 
by the parietals. Besides its superior size, the skull of Ctjsto^- 
phorct prohoscidea differs from that of tlie Ct/stophora cristatu in 
the f*orm and proportions of the palatine bones, the posterior 
borders of Avhich present three notches; In the relatively shorter 
extent of the nasal processes of the premax i 1 laries ; in the greater 
proniinencc of the antorbital processes of tlie inaxillaries ; and the 
absence of the depi*ession beneatli,-the antorbital foramen. In 
tlie skull of a young Proboscis-Seal 1 have seen traces of a suture 
partially dividing the orbital from the rostral part of the maxillary, 
extending from the side of the nasal aperture into the antorliital 
foramen : this incompletely separated part niiglit Ixi compared with 
a large lacrymal, but there is no trace of a distinct bone or of any 
laerymal iierforation. • 

In the ‘ Sea-Lion’ {Otaria }uh(ita)\\\G siiporocci}Mtal is broader 
and more nearly vertical than in the pre(*eding sjiecMes of Seal : thfj 
basiocciiiital is carinate below; the paroccipitals form an obtuse 
angle, but are less ])romincnt than the largo mastoids. The 
jietrosals and tym[)ani(‘.s are not expanded into a bulla ossea, lint 
send down a subcompressed smooth tulierosity : the entocarotid 
piei’ces the |)etrosal. The jiterygoids are |)ierced by the ecto- 
carotids. The bony palate is very long, and remarkably concave, 
from the bending doAvn of its sides : its posterior border is trans- 
versely truncate. The sagittal and occipital cristai are singularly 
elevated. Lach frontal sends out an ol)tuse piax'css near its 
junction with the ])arietal, ink) the middle of the extensive tem- 
poral fossa, and each developes large, horizontal, trianguhiir, ])ost- 
orbital processes, Iji. old males, the parietal also sends out a 
ndge, and the great temporal muscle seems thus to liavc been 
divided into three masses : there is a ridge from the inner side of 
the ])arictal, dividing the middle from tlie anterior lobe of tlie 
cerebrum, parallel with the external ridge projecting into the 
ttanporal fossa, 'i'he maxilhiries develo ])0 antorbital processes. 
The nasals are short and broad, and articulate with the pre- 
inaxillaries as well as the maxillarics. 

The posterior ])art of the falx and the whole of the tentorium 
are ossified. The suj)eroccipital sinus, commencing by a common 
aperture^at the hinder extremity of the longitudinal sinus, diverges 
on each side into the substance ol* the exoccipitals, and terminates 
in a deep and wide fossa on the inner side of the condyle, from 
Avliich fossa one (;anal leads backward to open external to the 
condyle, and ’another downward and inward to terminate in the 
VOL. 11. • K K 
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foramen jiigulare. The bony tentorium terminates anterior to 
the x)etrosal 5 which has an obtuse exj)aiKled inner apex, and shows 
no petrosal pit. There is no Gasserian fossa. A ridge divides 
the foramen ovale from the foramen rotundiim. The sella turcica 
is brojid and shallow : it is defined by ])osterior cliiioid j)rocesses : 
there are no anterior ones. The rhinencephalic fossa is narroAv, 
but of unusual longitudinal extent: the o|)tic nerves traverse a 
common canal of nearly an inch in extent before it divides. I'he 
ascending plates from the j)alatine processes of the maxillary form 
a decj) groove for tlic rece])tion of the vomer. The su])crior 
turbiuals occupy that j)art of the ol factory fossa wliic.h overarches 
the rhincnccj)]ia)ic cham))er: this is divided ])y a broad crista 
galli. A large oblong vacuity at the outer and ])Osterior side 
of the nasal passages between the frontal, ])res])hen(Hd, ]>ahi- 
tine and maxillary bones, is closed by inembi*ane in the recent 
animal. There is a smaller v'acuity in tlie corres[)onding part ol’ 
the skulls of some other species of Seals. 

In all Seals, the convex mandibular condyle ifj transversely ex- 
tended, terminal, the border of the jaw extending (’rom below the 
condyle forward, and rarely developing an anghi : this is best 
marked in Phofa fjroeulandica ; in Otaria it seems to jmyect 
just below the condyle. 

The hyoid arch consists of stylo- cpi- and ccrato-hyals, and of a 
basi-hyal in form of a transverse bar, witli a pair of* thyro-hyals : 
the stylo-hyals arc attached by ligamcjit to the outer side of the 
petrosals. 

In the AYalrus (^Trirlircns I'osmarm, fig. 3119), the basloccipital 
is subcnrlnatc below. The ^superoc(*i])ltal, inclines a little up- 
ward and forwai-d, is divided by a median crista, and is bounded 
above by a broad rugged tract. The venous fossa on the inner 
side of the condyles is divided by a l)ony bar. Th(n*e is a Avide 
sphenopalatine vacuity. The [)aroccipitals arc broad, but not 
very })rominent ; the hinder surface of the skull is much ex- 
tended laterally by the great development of the mastoids, 5. 
'^riie alisphenoid is excluded from the parietal, 7, by the junction 
of a small part of the frontal, ii, Avitli the squamosal, 27. Tlierc 
is no trace of a lacrymal bone, but a small clli[)tical canal j)er- 
forates the base of the antorbital j)rocess of the frontal sliglitly 
upAvards. The zygomatic process of the squamosal is remarkably 
thick. The malar sends up a lofty postorbital |)rocess, but there 
is none on the frontal: the maxillary, 21, dcveIoj)es a large l)ut 
loAV sub -bifid antorbital process : it is })crforated by a large ant- 
orbital fu'ameu, and excavated by a large and deep socket for the 
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canine tusk. The preniaxlllaries, 22, are minute. There is a 
large oval vacuity in the lateral wall of the posterior narcs. The 
skull is singularly expanded, short, obtuse, and, as it were, trun- 
cated anteriorly ; and, being constricted lietwcen the orbits, the 
n])])cr surface presents an hour-glass form. The parictes of the 
cranium are thick and dense, witli a dijiloc, grailually degene- 
rating into a coarse cellular texture, in the enormous mastoids. 
''I'he tentorium is bony, the sella turcica large and shallow, with 
anterior and posterior eliuoid ])rocesses, and the crista galli is 
prominent. The petrosal terminates below in three obtuse ])ro- 
cesses, but there is no bulla ossea. The ])terygoid process is per- 
fo?*atcd liy the ectocarotid. The bony roof of the jialatc is very 
(*o?u‘ave towards the mouth, and terminates behind by a broad 
biangular notch, ^riic tym[)anic cavities are smooth, and almost 
hemispheric ; the antorbital canal is large : the nasal fossa^. con- 
tract as they ])ass forward to the vertical external nostril. The 
oss(M)us ])art of the septum nariuin is formed by the canaliculal(3 
vomer and tlie coalesced ])lates of the ])refrontals, dividing the 
|»osterior halves of the olfacjtory chamber. TIkj lateral sinuses 
are comjjlctely surrounded l)y bone. A vein perforates the ba(?lv 
part of the parietals and terminates in the longitudinal sinus. 
Ibe bony tentorium terminates above the base of the ])etrosal ; a 
thick, smooth ridge enten's the low'cr half of the fissure between 
the anterior and ])osteidor cerebral lobes. A similar but shorter 
ridge from the inner side of the frontal more com})letely delines 
the rhinencephalic chamber : an elliptic fVn’amen leads from tlu; 
lower and outer corner of this fossa into the back pai't of the 


orbit between the orbitosphenoids and 
Irontals. The mandible, .’>2, articulates 
l>y a thicker v^^^^^dylc than in true 
Seals : it is terminal : the feeble angle 
slopes forward ironi it : the coronoid 
is oblique and rounded. 

In the Bear-tribe, as in the Seals, 
the tentorium is ossified : the inter- 
parietal unites w ith and forms a trian- 
gular process of the superocci])ital : 
the alisphenoid articulates wdlh the 
parietal :• the ectocarotid ])ierccs the 
pterygoid process. There is no ptery- 
goid fossa. 





Skull of \V:ili’iis (TWi./o. msH/f/r/fx). 


In tlic European Blacjk and Browm Bears ( Ursm arc.tos) the 
frontal region of the skull is raised and convex. Iiuthe American 
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Grisly Bear ( Ursns ferox\ the fac/ial part ol the skull is re- 
latively longer than in the Ursus arrtoa^ and the nasal processes 
of the prcmauxillaries arc much longer, ai*e more slender, and ar- 
ticulate directly with the anterior processes of the frontals. In 
the Brown Bear, the maxillaries articulate with the small part of 
the nasals and separate the premaxi 11 aries from the frontals. In 
the Polar Bear Ursus maritimiis, fig. •140), the lower extremities 
of the occipital condyles are united by a ridge, which, hoAvever, 
is less prominent than in the Ursus firox. The prccondyloid 
foramen is ex]>osed. The superoccipital, termijiates above in 
strong ridge overhanging the condyles. Both paroccif)itals, 4, 
and iviastoids, 8, ar(^ well dcvcdo]>ed, bnt the hitter arc the larger 

.‘UO 



processes. 1"he temporal ridges, commencing at the ])ostorbital 
processes, coiivei’gc at a right angle and meet at about two 
inches behind the orbits, and Ibrm a long and i)roniincnt sagittal 
crest, the iipjKir border of which is straight ; th^ frontal region 
is low and fiatteiied. Within the cranium the cerebellar fossa is 
formed by the bony tentorium above, and by a shorter osseous 
ridge below, separating the cerebellum from the upper ])art of the 
mechilla oblongata. The commencement of the cntocarotid canal 
may l)e seen distinct from the fore part of the fossa jugidaris ; the 
])Ctrosal fossa is divided into two cells for the reception of the 
cerebellar a])pendages. The mastoid is occupied by a close 
dlploe, which receives no air-cells from the tympanic cavity. 
The meatus auditorius terminates obliquely within the tympanic 
cavity. A triangular constriction separates the proscncephalic. 
from the rhincncephalic chamber. TJie malar, 26 , alone forms the 
postorbital rising: the s([uanu)sal, 27, does not .rea^^h so far; 
it developes a low sub(|uadrate cranial ])latc, (/, The mandible 
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develojics a long angular i)rocess, 3o, which rises toward tlie 
condyle. 

In the Racoon {Procijnu^^ and Coati {^Namd)^ the cntocarotid 
pierces the inner border of the tympanic bulla : there is no ecto- 
earotid canal. The mastoid is thicker than the paroccipital. 
Tlic bony tentorium terminates ii|)on the petrosal above tlie 
shallow dei)ression of the cerebellar appendage. The upper cra- 
nial parictes are moderately thick and Avith a di]>lo(;. In the 
Coati the olfactory chamber, with the superior turbinals, extends 
above the whole rhinenceidialic fossa, and forms in part tlui 
fi*ontal elevation of the cranial contour. In tlie Renturoim 

o 

(/i//wrw.v), the ectocarotid [)crf(iratcs the pterygoid, as in Ihjars. 

The skull of the lladger taxiis) is cliieHy remark- 

able for the closeness with which the tVansverse condyles of the 
lower jaw are grasped by the borders of the arti(‘iilar grooves at 
the l)ase of the zygomatic processes, so that the mandible cannot 
be disarticulated without some violence. The lateral sinus termi- 
nates l)ehind the glenoid cavity, as in other Ursidcc^ and the sul)- 
]) 0 trosal sinus terminates at the entoeondyloid foramen, ^fhere is 
no ectocarotid canal. 

In Jlntdns the transversely extended base of the ])aroccipItal 
is applied to the ba(*k jmrt of the bulla. In the (Hutton (^Gido) 
the cranial cavity is less expanded posteriorly, and less constricted 
anteriorly, tlian in the Ratel. There is a smooth articular sur- 
face in the basioccipital, Init it is less distinctly continuous with 
th.e occipital condyles than in the Ratel. The zygomatic arches 
are larger, stronger, and more curved : the palate is relatively 
broader : both the paroccipital and the mastoid i)rocesscs are 
leebly developed. 

In the Stoats and Weasels {Putorrus), the meatus auditor! us is 
an oblique ])erforalion in the lateral and inferior parictes of the 
sludl, directed from within outward and Ibrward, and not pro- 
duced u])on an auditory ])r()cess. The bulla tympanica is yery 
extensive. The bony tentorium, which ])rojects rather from the 
upper than the back wall of the cranium, terminates upon the 
l)ack part of the petrosal, above the dec]) circular pit for Ihe cere- 
bellar appendage. The rhincncephalic fossa is less distinctly 
defined tjian in Plantigrades from the rest of the cranial cavity ; 
the olfactory chamber extends baclvAvard botli above find beTicath 
that fossa, causing the cranium to appear dilated at that part : the 
air must be filtered, as it were, through the comi)lex turbinals 
before passing into the canal of the posterior nares. 

In tlie Ott(u* {Lutra), a narrow articular surface upon the basi- 
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occipital connects together the two condyles ; the tcmj)oral ridges, 
conimencing from the j)ostx)rbital proces^ses, meet at an o|)en 
angle, and extend backward, as a low and straiglit sagittal crest, 
as fai- as the broader occijiital crest. The zygomatic arches arii 
strong and Ixddly curved ; tliey bifurcate anteriorly to surround 
the large antorbital foramen. The cranial walls arc thin, without 
di|)loc : the impressions of the coin^olutions are strongly marked : 
there are no frontal sinuses. The cranial cavity is remarkable 
fur its great [)osterior expanse and its extreme C()ntra(dii>n be- 
tween the prosencephalic and rhinencejihalic divisions. The bony 
tentorium tcrniinates u])on the petrosal above the small ]>it for the 
c.erebellar a])|)endage. The sella turcica is shallow. The tract 
for the optic chiasma is long and narrow. l"he crista galli 
extends backward through nearly tlu) whole of the rhineii(;e[)halic 
fossa. The longitudinal sinus communicates behind with two 
small venous foramina in the siiperoccipital bone, ^fhe olfacdory 
chamber conmienccs directly in front of the rhincncephalh^ fossa, 
the cribriform j)late, or back j)art ol‘ the olfa(*tory cajjsule with 
the coalesced [U’clVontals, separating them. The entry to tlui 
nasal ])assagcs is almost blocked u[) by the large and (‘om[)lex 
tnrbinals. 

In the Civet ( Viverra Cicetta), the ()cei})ital condyles are sc])a- 
rate from ea(‘h other at tiieir lower extremities. 1110 ])arocci]vitaIs 
and inastoids have coalesced and form a triangidar ydate of bone, 
a[)plicd to the posterior part of the tympanic bulla, like the cap- 
sule (»f the acorn to tlic seed. This bulla is more circumscribed 
and miicli more dcvcloi)cd than in the Otter : the bony meatus 
auditorius is much shorter, and opens directly into the tympanic, 
cavity. The nasal processes of the iip])cr maxillarics extend 
backward much further than the nasal bones, the reverse being 
the case in the Otter. The ])tcrygoid j)rocesses are pert'orated 
by the cctocarotids. The cranial cavity is longer and narrower, 
and the postorlntal constriction much less, than in the Alastdlflau 
The l)ony tentorium is continued forward beyond tbe ])etr()sal, 
and terminates above the foramen rotundum. The petrosal is 
iinpress(*d by a dco|» pit for the cerebellar a[)pendage. A ver- 
tical inverted tract of the cranial walls divides the prosence- 
phalic from the rhineiicephalic compartments. The ^olfactory 
fossa is continued l)ackward above as well as beneath tiic 
rhinencephalic compartment. The crista galli is rudimentab 
When the scpiamosal is removed, the extensive surface of tlie 
])arietal j^nd aiisplicnoid is exposed to which it was aj)])lied, and the 
small vacuity in the suture between those bones 'which was left 
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for it to cover in com])lctiiig the cranial waifs. In some Vivcr- 
rines {Ichneumon^ Mamf usta)^ tKc orbital processes of the frontal 
and malar meet and (drciiinscribe the rim of the orbit. » 

In the Common Fox ( (7r«/.2.v Vnlpcs)^ \\\q paroccipital is til- 
angular, and appliecl to tlie back part of the acoustic bulla, but is 
smaller and thicker tlian in the Vlvcrrines', and stands off more 
irom the bulla. The alisphenoid articulates nitli the parietal. 
The interparietal, which has anchylosed with the supcroccipital, 
penetrates the posterior intersjiacc of the parietals. The nasal 
jirocesses of the maxillaries are truncate, and termimite on the 
same transverse line as the nasals. The maxillaries directly 
articulate with the inlddle jiart of the nasals below the bony ten- 
torium, which appears to be developed from the superocci])ital. 

The skull of the AVolf ( f7r7J^^.s* as of the Jackal {Canis 

aurms), differs from that of the Fox in the median depression 
and ti’ans verse convexity of the frontal region j>roduced by the 
liending down of the postorbital processes; in the greater ])OS- 
terior extension of the nasals, as com[)arod with the maxillaries ; 
and in the encroachment of the laerymal on the liice. The frontal 
bones of the Wolf i)reserve a more uniform breadth than in the 
ffackal, being less exjianded ])osteriorly where they join the 
])arietals. The short and wide meatus auditorius terminates 
ol)li(iucly in the (ymjianic bulla. 1^110 base of the zygomatic 
process is ])iei*ced by a vertical venous canal. 

Like the .fackal and Wolf, the Dingo {Cams Aifstrah’s) differs 
from the Fox in the greater transverse convexity of the frontals, 
especially o|)posite the jiostorbital processes, and in the greater 
longitudinal depi’cssion betAveen the irontals ; in the greater 
|>o.sterior extension of the nasals, as com])arcd with tlie maxil- 
laries ; and in the encroachment of the laerymal bone iijxni 
the face. In a comparison of the skull with that of the 
Marsupial Carnivore ( Tkylncinus Harrisii) from the same part 
r)f the world, which equals the Dingo in size, the most 
striking difference is the comparative siqieriority of the cere- 
bral cavity in the Avild Dog, and of the olfactory cavity in the 
Thylacine, the proportions being reversed in the two sjieci- 
inens. The superoccijiital overhangs the foramen magnum in 
the Deg, but is on the same vertical plane with it in the 
Thylacine. The paroccipitals arc more compressed in the Thy- 
lacine, and tlieir base is not a})plied to the acoustic bulla, Avhich is 
of much smaller size and formed exclusively by the alisphenoid, 

’ The extinct j^enus GaUtcynus of the CEningcii miocenc indicates the transition 
from Viverra to tav. j'. 55. 
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not by the petrosaV and tym])anic, as in tlic Dog. The tymj)ani(i 
has preserved its distinctness in tlic Thylacine, but has coalesced 
witli other elements of the temporal bone in tlic Dog. A wide 
and deej) groove divides the bulla from the basisphenoid in the 
Thylacine, but the sides of the basisphenoid in the Dingo are 
swollen and abut against the large tympanic bullie. Tlic arti- 
cular cavities for the lower jaw are much nearer the occiput in 
the Thylacinc than in the Dingo, and the malar bgnes enter 
partially into their Ibnnation. There are two large vacuities in 
the back part of the bony palate in the Thylacine, but tliis part 
is entire in the Dingo. The antorbital foramina are larger in the 
Thylacine, and miicli nearer the orbits than in tlie Dingo ; they 
are also formed jiartly by the malar, and are not wholly 
forated in the maxillary* bone, as in the Dingo : the lacrymal 
bone is mmdi larger in the Dingo, and encroaches much more 
upon the face : the nasal bones arc broader ])osteriorly in the 
Dingo, and extend further bjick, as compared with tlie maxillarics. 
The petrosals are much larger in the Dingo, and send bony jilatcs 
into the tentorium, which plates are not present in the Thylacine, 
The chief bony part of the tentorium projects from near the 
middle of the occiput, and does not reach the petrosal in the 
wild Dog. Tho sella turcica is defined by the posterior elhioid 
processes in the Dingo, but not in the Thylacine, The foramina 
optica and lacera anteriora arc blended together in the Thybudinv, 
but arc distinct in the Dog. Although the olfactory (diamber is 
so much larger in the Thylacine, the rhinen(5e]dialic fossa is 
smaller than in the Dog. The lower jaw, besides its greater 
length and slenderness in the Thyla(!ine, difiers by the bending in 
of the angle, which is the characteristic of the Marsupials. In 
most of these distinctions the Thylacine ‘manifests its nearer 
affinity to the oviparous ty])e of skeleton. 

The chief distinction between the wild and domestic Doirs is 
the greater proportional size of the cranium to the fac(i in tire 
latter, and this increases as the size of the variety diminishes. 

The affinity of the Hyicna to the Viverrida; is shown, in the 
skull, by the broad, triangidar, rough plate formed l)y the ])aroc- 
cipitaf and mastoid, and applied to the back |)art of the acoustic 
bulla: but the pterygoid ])rocesses are not pierced by the ecto- 
carotids. The strength of the muscles which woi'k the jaw is 
shown by the extent of the temporal fossae, the height of the 
sagittal crest, the thickness and the expanse of the zygomatic 
arches, tlie height of the coronoid processes, and the depth of the 
strongly-defined fossa) into which the great muscles.of mastication 
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arc inserted. The antorbltal foramina are small semilunar slits. 
The nasal processes of the maxillaries extend fiirtlier back tluin 
the nasals. 

The si)ecific character of tlic Lion {Fells Leo), as compared 
Avith the Tiger ( Fells Tlfjris), is shown by tJie obtusely-pointed 
terinination of the nasal process of the maxillary, and its ex- 
tension backward to the same transverse line as that wliicli the 
liinder ends of the nasals reach. liithe Tiger the nasal bones are 
relatively longer and extend further back than the nasal ])rocesses 
oF the maxillaries, which ai'c, as it were, truncated. The concavity 
of the frontal platform between the deflected postorbital ])rocesscs 
is narrower than in the Lion ; the suborbital foramina are smaller. 

The carnivorous charac>ter of the skull, fig. .‘>41, as exemplified 
l)y the sagittal, 7, and occipital, 3, civsts, by the strength and 
(‘xpaiise of the zygomatic arches, 27, by the dejith and shortness 
of the jaws, by the height and breadth of the coronoid jirocesscs, 
and by the extent of the muscular fosKSie of the lower jaw, reaches 
its maxinuun in the skull of the old males of lioth these large 
helines. The triangular <)C(;i])ital region is remarkalile for the 
depth and boldness of the smiljituring of its outer surface, 
'fhe conjoined iiaroccipital, 4, and mastoid, 8, form a broad and 


341 



thick catisular support for the back part of the acoustic India. 
The iherygoid processes arc imjicrforate. A Avell-marked groove 
extends on each side of the bony palate from the iiosterior to the 
anterior jialatine foramina. The premaxillaries, 22, are compa- 
ratively short, and one half of the Lateral border of the nasals, 15, 
directly articulates with the maxillaries, 21. 

The bony tentorium extends above the petrosal to the ridge 
over-hanging the (Tasserian fossa : the jictrosal is short, its apex is 
neither notcJicd nor perforated : the cerebellar ])iris very shallow. 
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The sella turcica is deep, and well defined by both the anterior 
and posterior clinoids. The rhinenceidialic fossa is relatively 
larger than in most Carnivora ^ and is defined by a well-marked 
angle of the inner table of the skull from the prosencephalic 
compartment : the olfactory chamber extends backward botli 
al)ovc and below the rhincncephalic fossa: the upper part of the 
chamber is divided into two sinuses on each side: the superior 
turbinals extend into the anterior sinus, and below into the 
])resphenoidal sinus. The inner surface of the s([uainosal is tripar- 
tite ; the u])[)er facet rough lor tlie broad squamous suture, the 
anterior and inferior one smooth and deep fin* the natiform pro- 
tuberance of the hemisphere, and the posterior facet smooth and 
undulated where it is a])[)lied to the petrosal caj)sule, its juncture 
with Avhich is effected by'lhe medium of the mastoid, whicJi is 
anchylosed to both. 

The strengtlieuing of the cranium in Carnivora, in reference to 
the forcible action of the muscles attached thereto, is gained by 
the growth of bone in the form of ridges both from the outer and 
the inner surfaces of the cavity. This is so completely filled by 
the brain, its blood-vessels and mcinbraues, that were any con- 
cussion conceivable of cerebrum against cerebellum through an 
active bound or leap, ah interposed mcinbratie so elastic as to yield 
and recover would best meet the contingency : to suppose that a 
hard ])late between the two soft masses had any such relation to 
the spring of the stealthy feline implies both dull pliysiological 
reasoning and limited knowledge of the comparative osteology of 
the Carnivora: tiie commonly ascribed final cause of tlic bony 
tentorium of the Cat is refuted by the presence of that part in tin* 
plantigrade Bears that do not move l>y bounds, and in the pin- 
nigra<le Seals that can only shuffle along the ground, and are 
pillowed by the waves during their swiftest and mOvSt habitual 
movements. 

The hyoid arch of Felines consists of stylo-cerato- and basi- 
hyals, Avith the appended thyro-hyals. The stylo-hyals, as a rule, 
connect the arch to the base of the skull ; but in the Lion a long 
ligament intervenes betAveen the stylo- and cerato-hyals, allowing 
more freexlom of motion to the base of the tongue and laryjix, in 
relation to the characteristic vibratory roar of the king of, beasts.* 

C. Bones of the JJmhs , — The general characters of these in 
the Carnivora have been defined, an<l the principal modifications 
determining the pinni- planti-, and digiti-grade modes of loco- 
motion are illustrated in figs. 172-175, pp. 288, 289.' 

The ])iiinigrades arc pentadactylc, and Avithoiit tratte of clavicle. 

‘ COxxxvi , ol. vii p. 38. 



SKELKTON OF CARNIVOHA. 


507 


"rhc sca])iilii is broad and curved backward, the anterior and 
basal borders arc continued in Phoca by a bold convex line 
to the angle terminating the posterior costa, whicli is as strongly 
(H»ncave, fig. 335. In OUiria the breadth is increased by the 
jiroduction of the fore ])art of the scapula, causing a dispropor- 
tionate extent of tfie j)respinal surface, on wliich is a low acces- 
sory ridge, anterior to tlic trne ‘ spine,’ not j)ostcrior to it as in 
iMvfjnilurliun. The sjnne is fartlier from the posterior costa in 
Trivlinnis. In all Phnridee it terminates in a short acromion. 
The humerus is shorter than the scapula in Pkoca^ longer in 
Otar la; it is remarkable for the great develojnnent of the inner 
tuberosity and of tlie deltoid ridge, which is deeply excavaterl on 
its outer side. The inner <ioudyle is perforated in Pltoca^ not in 
Otaria.y Monachm^ and Trlehecuis, •The middle of the distal 
end is excavatt?d by the articular trochlea ; an olecranal fossa is 
feebly or not at all marked. The antibrachial bones are com- 
pressed, and firmly united, the interosseous spa(;e being widest in 
O/aria : tlic olc<n’anoii is large and hatehet-sha])ed. The fore- 
pai'l of the lower half of the radius is ])roilueed. The seaplioid 
and lunar bones are connate: the fifth metacarpal artieidates with 
the cuneiform as well as with the nneiform: the magnum is tlie 
least of tlie (?ar[)als, Althongh the ])ollex or the first digit execieds 
the third, fourth, and fifth in lengtli, it presents its characteristic 
inferior number of [dialanges, by whi(‘li tlic radial border of the 
fin is ren<h‘rcd more resisting. The [)elvi(‘. arch is remarkable 
Ibr the stunted development of the ilia, and the great length of 
the ischia and jmbes : the sym])hysis is short, and divaricable in 
parturition, as in the Guiiica-j>ig (p. 3S()). The femur is eijually 
[leiuiliar for its sliortiiess and lireadth : its head lias no pit for a 
‘ round ligaincnt.’ The tibia and fibula present the more usual 
j)ro])ortli)iis, hut arc aiichylosed at tlieir proximal ends. Tlic 
astragalus, fig. 173, a, has its jiroximal articular surface in two 
‘facets, OTIC for tlie tibia, /», the other for the fibula, tn ; a ])art of 
the bone projects ^ proximad ’ of these surfaces ; and It is jiroduccd 
‘distad’ to articulate with the naviculare, .v: the co-exteiided 
ealeaneuin, cl, is ajiplled to the tibial side of the astragalus. In 
Otar la the ealcaiieal iiroeess is longer. The eiitoeunclf'orm, /, 
iiiesocxuieiforni, ecti)Cuneiforin, c, and ciiboides, h, have the usual 
coniie(*tions. The bones of the foot arc much dex eloped, and are 
modified to form the basis of a large and })Owexful fin : iu Phoca, 
the middle toe is the shortest, and the rest increase in length to 
the margins of tli^ foot: iu OUirla and Trlchccm the to<.‘s are 
subequal in Jciigth. Tlie long-boiics of Seals liave no medullary 
cavity. 
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Ill the jilantigradc Carnivora the clavicle is wholly wanting. 
In the Bear-tribe, the scapula, fig. 336, 5i, is remarkable for its 
almost quadrate form, and for the strong development of the 
ridge between the infraspinatus and teres major, constituting 
almost a second spine. The inner condyle of the humerus is not 
j)CiToratcd, save in Ur.nis ornatus, Tlie antibrachials little, if at 
all, exceed the humerus in length ; their shafts are of ecjual 
strength. The scaphoid and lunar bones of the carpus have 
coalesced: the pisiforme is elongated and expanded at its free 
end like a calcaiieum. The fore-foot is 5-dactyle, the ])ollcx 
being a little shorter than the other toes, which are sube(tual in 
length ; the basal sheath of the ungual phalanges is thickened 
and tuberculate below : the claw-bearing part is long, subcom- 
])ressed, and slightly arched. The ilia are sliorter, thicker, and 
broader than in Digitigrades : the ischia are short and expanded, 
forming with the strong pubics a long symphysis, ddie acetabula 
arc large and deep; the ilio-pubic angle is 125°, The femur is 
remarkable, in Bears, for its great length, and suj)erficial resem- 
blance to that in man; but its shaft is relatively thicker, 
straighter, and rather flattened from before backward ; it differs 
also in the more shallow pit for the round ligament, in the gre^at 
trochanter being longer though less 2 >roininent above, in tlic l(‘ss 
jirojection of the small trochanter, in the minor expansion of the 
distal condyles, and in the smaller size of the rotular channel. 
The medullary cavity is confined to the middle third of the lame. 
The medullary artery, which enters at the jiosterior and inner 
side, bcloiv the middle of the shaft, takes an {>bli(juc course u]>- 
■ward. The tibia is one-fourth shorter than the femur: the fibula 
is much smaller and coni])ressed : but the medullary cavity ex- 
tends through nearly the whole of the shaft of this slender bone. 
In fig. 174, cl marks the calcaneum, s the navieulare, c the eeto- 
cimeiforin, 5 the cuboidcs ; the astragalus is almost as broad as 
long, without a calcaneal inoccss. The hallux is rather shorter 
than the other toes, ivhicli are of siil)C([ual length, and form the 
basis of a broad flat foot. 

Ill tlie scajmla of the liacoon (Pron/ou), the ]ire- and post- 
S 2 >inal fossie are of equal extent. The inner condyle of the 
humerus is perforated as in all Subursines, In A'ama i^jud Arc- 
fictis, a su|)])lenientary caiqial ossicle is wedged between the sca])ho- 
liinar and tlio metacarpal of the pollex, external to the trapezium : 
the tarsus shows a corresponding ossicle wedged between the 
naviculfue and cntociineiforin. In the Ittfcoon, the filmla is 
characterised by three iirocesscs behind its distal end: the malic- 
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olar process is very short, but plays u])oii a well-marked articular 
surface of the astragalus. In a Kinkajou ( Crrcoleptes)^ I have 
seen the condyle notched in the right and perforated in the left 
huiuerus. In the Badger {Mdes taxus), the scapula presents a 
subcpiadrate form, crossed diagonally by tlie spine, and with one 
•nigle produced to form the glenoid cavity : the coracoid is repre- 
sented by a low tubercle: there is no inferior ridge or spine. In 
a Ratel {RaUdiia tneUivorm)^ with a similar shaped scapula, the 
cora(M)id is sub-bifid, and the acromial 'tubercle is slightly pro- 
(Sliced. I have seen both humeri perforated between the condyles, 
only the right one above the inner condyle. There is no medul- 
lary cavity in the tibia. The humerus of Mt/ddu.s shows both 
the intercondylar and cntocondylar holes. In the Glutton 
( Gvlo)^ the scapula is of a tra])Czoidal form, c<jually and obliquely 
bisected by the spine, Avliich devclopes a bifid acromion: there is 
a distinct coracoid tubercle. The inner condyle of the humerus 
is perforated. The deltoid ridge terminates on the middle of the 
shai't. Both pollex and hallux are relatively shorter to the other 
toes, in most Subursincs, than in the true Ih^ars, Besides the 
patella, the fabelhe are commonly present at the knee-joint. 

[n MaafcUdcc, the acromion is more distinctly bifur(*ate than in 
Snhurslddi : the ])ostcriorly produc.ed ])late is bi'oad in the Pole- 
cat in which the glenoid surface is cojitiuued upon the 

coracoid tuljcrclc. In that of the Otter may be noti(?ed the 
greater expanse of the prespinal portion and the Avell-marked 
division of the acromion, the broader and posterior j)art bending 
down, and the narrow and anterior one extending forward : the 
coracoid tubercle is rudimentary. The hunuu-us is remarkable 
for the compression of the shaft, which is strongly bent forwards, 
and for the continuation of a ridge from the deltoid as far as the 
distal condyles. The inner one is perforated. The ulna is much 
longer, and is stronger than the radius. The supplementary 
ossicle answering to that marked i in fig. .‘IGl, is present in the 
carpus of both Lutra and Pntorius, The diminution of the 
])ollex |)rocecds: that of the hallux in a less degree: the third 
and fourth dibits arc the longest in both fore and hind feet. 

In the VimrrhUv, the scapula is longer, more quadrate, and 
more equally bisected by the spine than in MuMelUba : the acro- 
mion is •bifid, but tlie divisions are Jess distinct. There are de- 
tacihed clavicular styles. The innermost digit is relatively shorter 
than the rest in both fore and hind feet, taking no share in the 
support of tJic body. In Mangusta tetradaatgla the pollex is 
absent. In the Civet, and Cynogale, the humcj'us is j)ierccd 
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IwStwecn the condyles, but not, -or rarely, above the inner condyle. 
In the Genet, the humerus shows the entocondylar, but not the 
intercondylar hole. In the femur a ridge extends from the great 
trochanter more than half-way down the shaft of the bone. In 
the Ichneumon {^Mangusta')^ the iip])er contour of the scapula is 
slightly sigmoid, very convex anteriorly, aad the ])respinal is 
larger than the postsjnnal fossa. The acromion is bifid. Tlui 
humerus is pierced both between the condyles and above the 
inner condyle. The supplementary ossi(‘lo at the radial side of 
the car])us is present in most Viverridee. Its homotype exists m 
the tarsus of Cynogale and Bassaris, The hallux is wanting in 
both Manijusta pcnicillata and M. tatradactyla. 

In the Cniiidte the scapulie, and cs])ecially the limb-bones, arc 
longer and more slender, relatively, tluin in the forcgoiiig car- 
nivorous families. There are clavicular styles. The humerus 
has the intercondylar vacuity, not the entocondylar perforation. 
The pollex is reduced to the Glew-claw ’ a[)pendage; and, in 
Canis jnetus^to a metacarpal style, which is concealed. The ulna 
and radius arc closely and extensively united: swift course is tlie 
characteristic of the present digitigrade family. The slender 
fibula closely adheres to the lower half of the tibia. The hallux 
is reduced to a minute beginning of the metatarsal. The acces- 
sory carpal ossicle and the fabellaj are present. 

In the llymia^ the humeriiS is usually pierced between the 
condyles: it is thicker in ])roportion to its length than in the 
Dog, but is more bent and twisteil : the same characters mark 
the radius and ulna, Avlilch arc still shorter in proportion than in 
the Dog. The p<;llex is reduced to a rudiment of its metacarpal. 
In fig. 1J)1 (Hyce.nay p. 300), al marks the ^ scapholunar ’ common 
to the carpus of all Carnivora, c is the cunei forme, p the pisi- 
forme ; t trapezium, d trapezoides, m magnum, and w unciforme. 
The femur is more compressed antero-posteriorly than in the Dog, 
and the small trochanter is more posterior in position. The neck 
is longcj', and the head of the hone larger : there is a fabelPi hc- 
hind ca(*Vi condyle. The tibia is shorter than the femur : the rotular 
ridge is less jirodiiccd than in the Dog. The fibula Is less flat- 
teiud at its lower half, and more independent of the tibia than in 
the Dog. The entocuneiform supports a rudiment of the meta- 
tarsus of the hallux, as in the Dog : the calcaneal process i‘s shorter 
and thicker. 

All Felines have the clavicular bone s. The luimenis per- 
forated above the inner condyle, but not behv;een the condyles. In 
the Lion, fig. 337, the supraspinal fossa of the scapula, 51, is less 
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(loop than the infraspinal one, and its border Is almost uniformly 
convex : the acromion is bifid, the recurved point beiiijr little 
larger than the extremity or anterior point. A supplementary 
ossicle is wedged in the interspace between the {)roiniricnt end of 
the scapho-lunar bone Jind the jwoximal end of the metacarpal of 
the pollex. The ilia, fig. 342, c, are long and narrow, but thick ; 
placed so obliquely u])()n the vertcbrie, as to form an angle of 
about 155'^ with the lumbar series: the ischia, c, arc also long 
and directed on the same antcro-postefior ])lane : the lengtii, 
gdged strength, and great obliquity of the ‘innominate’ bone, 
aft'ord ])oAvcrful attach- 
ment and advantageous 
lev(irage to the muscles 
axitiug ii])on the hind 
limbs. The boundary of 
the ischiatic notch is fee- 
bly marked at //. The 
pubis is short, but the 
ischio-])ubic sym])hysis, /, 
is long: the ilio* pubic 
angle is 120® in the Lion. 

T\k\ posterior exceeds the 

, , , I . IVIvis «>f t.Jie Lion, sItU: view. 

juitenor pelvic outlet in 

size. The os penis exists in all Carniooray and is remai’kably 
dcvelojicd in Bears and Seals. 

The pollex, in the Felines, is retained on the fore-foot, and, like 
tlie other toes, is terminated by a large, c()in])ressed, retraxdile 
ungual phalanx, forming a deep sheath for the firm attachment of 
the large c.urvcd and sharp-pointed claws. This liighly-dcvelo})ed 
unguiciihite structure, with the dental system and conc.omitant 
modifications of the skull, completes the predatory character of 
the typical Cnriutwra, 

§ 190. Skeleton of Quadrumana, — Tlie Quadrumana coinhine 
tlie o}>posal)le thumb in the hind limb with complete clavicles, 
and a greater relative capacity of cranium than in foregoing 
(h/rcneephala. The orbits arc turned more forward, have the 
bony rim entire, and in most of the order are jiartitioncd oif by 
none from the temporal fossa. In no Quadrumane is the hyoid 
arch convjdete, or articulated by bone to the basis cranii. 

To the Quadrumana the transition is, not from the but 

from the Lias-- encephala. For promoting the Coliigos to the 
Lemurs the grounds are almost as good as for degrading tlieni to 
the Bats. It has rerjuired a thorough knowledge o£ the structure 
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of the Aye-aye to a majority against keeping Cheirovnys 
amongvSt the mice. The singular group of Lenuiruhc, which, from 
the superior brain-development, especially the posterior extension 
of tlic cerebrum over the cerebellum, I associate with the Gynm- 
cephala^ and by the hinder thumb with the Quadrumanay offers 
great diversity in dentition and minor charac,ters. 

A. Vcrtehrai Column ^ — All Qnadniniana have the seven cer- 
vical vertebne. In the Lcmurine or Strepsirrhiinc group the 
following arc the numbors of the other vertebne : — 


Gah'opithecus . . . 

1.3 or 14 

L 

G or 7 

8 

3 or 4 

c 

18 or 19 

Tarsius spectrum , 

13 

6 

2 or 3 

29 or 30 

Cheiromys inadayascarlensis . 

13 

G 

2 or 3 

22 or 23 

Perodicticus Potto . 

15 or IG 

(» or 7 

2 pr 3 

1 9 or 20 

Stenops tardUjradus 

IG 

8 

3 

7 or 8 

„ gracilis . . *. 

U or 15 

9 

3 

5 or G 

Otolicmis Pell . . . 

13 

7 

3 

23 

„ crassieaudalus 

13 

G 

3 

27 

Lichanotus Indri . 

12 or 13 

8 or 9 

4 

10 or 11 

Tarsius spectrum . , 

13 

G 

3 

29 or 30 

Lemur ..... 

13 

6 

2 or 3 

28 or 29 


The majority, including the type-form, of the Leinnruloi thus 
have 19 dorso-lumbar vertebne; the slow nocturnal species have 
longer and less flexible trunks, apj)roaching in the number of 
dorso-1 urn bars — 24 — to the vertebral characters of the lissencc- 
phalous Sloths. The tail is, as usual, the seat of the greatest 
diversity ; tlie slow lemurs, again, in the shortness of this terminal 
appendage, rccal a bradypodal character. I n Stenops yracilh a 
metapophysial tubercle is developed on each of the twelve anterior 
dorsals: on the thirteenth it takes the place of the diapo])hysis, 
and in the fourteenth extends forward, and offers an articular sur- 
tace for the outer side of the postzygapophysis : it has the same 
disposition in the lumbar series, where the diapopliyses are serial 
repetitions of the base supj)orting the anchylosed rib in the first 
lumbar vertebra. Tlie succeeding lumbars slightly decrease in 
size as they' approach the sacrum. No centre of motion of life 
trunk is indicated by the direction of the dorso-lumbar neural 
spines. In the more active and flexible-bodied Leninrulce the 
trunk-vertebrie resemble in })ro])ortions, connections, and direc- 
tion of neural spines those of the agile Carnivora. In Lemur 

* ftoe cr, p. 8, pi. xi. G, 7. The extension of the ccrebclluin over more 
or less of tluj c(3i\;hruin is the primary and more constant character of the group 
called, from the secondary character of eonvolutioiis, ‘ Gyrcrice]>halii.’ Tlic smooth 
hrain of the small Monkey {Midas rufimanas) is ligiircd in lxiv. to illustrate stich 
primary character. To he consistent, Mr, Murray would have t(f rcjiiovc the Mar- 
mosets ns well as*rhc Galagos to the Iiiseetivora; oi.* pp. 9 and 10. 
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nigrifons the metapopliysis begins to be developed in the miJdle 
dorsal vertebrie, and, in the tenth, projects al)Ove, but distinct 
from, the diapophysis. In the eleventh the diapo[)hyses have 
disa]ipeared, and the metapopliysis is on the outside of* the prozyg- 
a})ophysis. From this vertebra a well-marked anajxjphysis is 
developed, Avhich isi continued from all the succeeding vertebric. 
1'he diapophysls rca])pear.s -upon the first lumbar, and increases 
in length and breadth as the other lumbar vertebra^, approach the 
sacrum. The centre of motion of the back is indicated by the 
vertical spine of the tenth dorsal A'crtcbra, towards which those of 
the other dorsal and of the lumbar vertebric incline. 

343 



SkoIcLon of tho Ayi>;iyo. {Clu'iromys vi.idaj<iscaricmU) 13. Jl.iinl of Pott'j, 

In the Aye-aye ( Ckeiromys\ fig. 343, the true vertebrae describe 
(nie slight curve convex backward from the middle dorsal to the 
l)eiiultimatc lumbar, beyond which there is a slight bend in the 
opposite direction to and including the sacrum. The bodies of 
the dorsal verte))ne gradually lengthen and deepen as tliey ap- 
proach the loins, with a narrower and at last almost carinate 
under surface. The diapophysis, longest on the first dorsal, very 
gradually shortens to the eleventh, where the beginnings of the 
metapopliysis and anapophysis are manifest. These processes 
hecoine widely separated in the twelfth and thirteenth dorsals, 
and the diapaphysis is lost. The neural spines are of e(pial length 
throughout the dorsal scries. The vertical one is on the clevciitli 

VOL. II. • I. L 
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dorsal, towards which the rest of the dorsoJumbar series slightly 
incline. 

The vertcbra3 go on increasing in size to the fifth of the 
lumbar series, — the diapophyscs more especially, which recom- 
mence in the first lumbar ; these processes are directed forward 
and downward, as well as outward, are truncate, with the anterior 
angle a little produced; that of the last lumbar is similar in shaj)e 
and direction, but is smaller than the two preceding. The ana- 
po]>hysis overlaps the front margin of the folloAving vertebra to 
the fifth lumbar, in Avhich it becomes too short; it disappears iy 
the ^s^xth. The metapoph 3 -sis overhangs the back part of the 
neural arcdi of the preceding vertebra, '^fhe neural spine de- 
creases from the third to the last lunibar, where it has 3 lines 
of length. The last two ribs join their oavu centrum close to the 
front intervertebral space'; the rest have the usual intervertebral 
articulation of the licad. The first rib is the shortest (9 lines) 
and thickest ; the others increase in length to the ninth, aiul 
then gradually shorten to the thirteenth, Avhich is 1 inch 3 lines 
in length. The tubercle and diapopliysial articulation exist to 
the eleventh rib; the twelfth and thirteenth articulate only by 
tile head. The first cartilage articulates Avith the manid)rium, 
the second to the seventh inclusive with the joints of seveiA 
sternebers, the eighth with the seventh, and the ninth to the joint 
betAvecn the scventli and eighth sterneber. 

Tlu'. bodies of the cervical vertebnn arc broad, short, and 
flattened below in the last five. Tlie last tlirec have no neural 
spines: thei’o are tid)oreula.r beginnings of these in the fonrtli 
and third; in tlie second it is 2 lines long, thick, and produced 
aiftcriorly; in the atlas it is as a small tubercle. Tlie seve»itli 
cervical has a simple slender diapojdiysis, 2 lines in length ; in 
the sixth it coales(*cs with the tul)erele of a short plcurapo|)liy.sis, 
also confluent l)y the licad Avith the centrum, and projecting 
outward, baclvAvard, and dowuAvard, Avltli an obtuse end. The 
vertebral artery, in its forAvard course, enters the canal betAve^n 
the pleur- and di-apopliyses. Tlie pleura|)ophysis simply com- 
pletes that bony canal in the fifth cervical, making a short an- 
gular projection outward and forward in the fifth, fourth, and 
third cervicals. The Ioav flat neural arch is narroAvest in the fifth. 
The shape and disposition of the zygapophyscs give an imbricate 
character tc the union of those arches in the last six cervicals. 
The body of the axis is carinate beloAv ; that of the atlas has 
the nsiial state of an ^odontoid process the hypapophysial bar 
unith^ with the neurapophysial jiillars or crura of the atlas is 
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carinate. Besides the wide canals for tlie vertebral arteries in 
the ^ transverse processes ’ of tJie atlas, the neural arch is perfo- 
rated above the base of that process on each side for the passage 
of a nerve. 

In the short-tailed Indri {Lichanotus Indri), the atlas has a 
short hypapophysisi but no neural spine : the transverse jn’oeess 
is inoderaiely long and lu’oad, and is perforated lengthwise and 
vertically by the vertebral artery, which afterwards pierces the 
neural arch. The transverse process Is perforated in all the 
other cervical vertebric: the pleurapophysial portion of that of 
the sixth forms a broad lamella directed doAvnward and out- 
ward. Eacli of these cervicals has its hypapopbyslal ridge and 
neural sj)inc, the latter moderately long and slightly increasing to 
the seventh. The broad neural arch ^ is fissured Ijehind. Tlie 
s|)ines of the dorsal vertebrae arc continued of C([iial length 
throughout that region, and have the same direction. Tlie d(vrsal 
diapophyscs support each a metapophysial tubercle, Avliich aug- 
ments as they diminish, and seems to take their ])hicc in tlie 
eleventh and twelfth vertebric, the ribs of which have no tubercle. 
In tlie twelfth dorsal flic iiietapopliysis projects from aliovc the 
prozygapophysis, and is contimied backward upon a w'^ell-devc- 
lojied Jinapophysls, which commences at once in tliat vertebra, 
and continues to be developed, although decreasing in length, 
to the penultimate liimhar inclusive. The inetapo])hyscs, wliich 
arc prominent in the anterior lumbar vertel)ra\, gradually subside 
as tliese approach the sacrum. The diapophysis has a low^ rough 
tubercle on the first lumbar, which is developed into a de])ressed 
plate increasing in length and breadth as the sucajeeding iumbars 
a])]u*oach the sacrum. As in the true Lemurs, eight ]>airs of ribs 
directly join the sternum, wdiich consists of seven bones and an 
ensiform cartilage. 

Nineteen is the usual number of dorso-lumbar vertebra^, in the 
^^hityrrhine group, the S]>idcr-monkeys {Ateles) offering tlie ex- 
ception of eighteen, viz. J) 14, l 4: the varieties wdiich have been 
formulised iii the type-genus Cehus are due to freedom or con- 
fluence of pleurapopliyses, as e.g. J> 12 , L7, Cehus ]iyj)oJeaciis\ 
:i) la, L6, C. capiMnns; D 14 , i. 5 , in most Capuchins. .Tlie tail 
is long in all, and prehensile in most Platyrrhines ; it rarely 
has so few as 18 {CaUlthrix sdurens and (7, Spixii), usually 
80 vertiobra), or upwards, as in Ateles paniscusy which has 33 
caudals. 

In the little Ouistiti (Ilapale Jacchus)^ the accessory tubercle 
ai)])ears upon the middle dorsal vertebra ; it divides into met- and 
* L L 2 
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anapoy>hyscs on the tenth dorsal, where a diapophysial proniinenee 
still articulates vnili the tubercle of the rib. The diapophysis 
disappears in the succeeding dorsals in which the met- and an- 
apopliyses Ixicome distinct and remote, with progressive increase 
of size. The diapophysis reappears in the first lumbar as a short 
de|)ressed process, and increases in length ?;nd breadth to tlie 
penultimate lumbar. In this vertebra the anap()])liysis becomes 
much shorter, and almost disappears in the last lumbar. The 
transverse process of the atlas is perforated lengthwise and ver- 
tically l)y the vertebral artery, and the neural arch is perforated.^ 
^JMie bodies of tlic succeeding cervicals arc produced posteriorly 
into a convex ])rominenee which fits into a concavity on the fore 
]);irt of* tlic centrum behind, hyight pairs of ribs directly arti- 
culate with the sternum, nyIucIi consists of seven bones. 

In the Capuchin (Cehm (rf piicin us tubercles representing 
met- and an-a])o])liyscs project distinctly, the one from the fore 
part, the other from the back part, of the diapopbysis of t!ic fifth 
<lorsal : they ])rogressively in(*reasc in size, and become cpiite dis- 
tinct in the thirteeutli dorsal, in which the metapophysis has 
risen ii])on the anterior zygapo])hysis. The anapo|)liyses continue 
to 1)0 developed to the pemdtimate lunibar. The diapo])hyses 
|)rogressively increase in Icngtli from tlie first to the last lumbar 
vertebrie. Hiemal arclies are articulated to the inferior inter- 
s|)aces of the six anterior caudals, and arc supported by distinct 
bypapophyscs from the fourth caudal, which pi’ocosvscs continue 
to he d(?v(ilo])ed after the htemapophyses liave ceased to be so. 
JS'ino pairs of i'il)s artumlate directly witli the sternum, Vvhich 
consists of seven bom'S and an ensiform cartilat»*c. 

In the black S[)i(ler-monkey (^Af.eles w///r/*), the tuberosity 
above the dorsal diapophyscs becomes a ridge in the eleventh 
dorsal, and is pnxluced forward into an angular metapophysis: 
in the thirtccjitli dorsal it is produced to the same extent back- 
ward into an anapopliysis : in the fourteenth dorsal these |)ro- 
cesses are distinct and Avell-developc(b hut tlie diapopbysis has 
ilisa|)|)eared. The anapoiihysis is developed from tlie first and 
sc(iond lumhar vertebra?, and the diapophysis from all the him- 
liars, progressively increasing to the jienultimate one. A pair of 
hypapophyses begin to he develojied from the fifth caudal, and 
increase in size in the sixth and seventh. The lia 3 mar arch is 
anchylosed to these ])rocesscs in the eighth and ninth caudals, 
but the hy])apophyscs continue to be developed, without the 
addition of that arch, throughout the succeeding caudal vertebra?. 
Tlie anterior z.ygapophyscs disap[>car in the ninth caudal, but the 
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metapophysCvS which support them in the preceding caudaLs 
continue to be developed to near the end of the tail. Tlie 
diapophyses are single on each side in the seven anterior 
caudals, but are divided into Jin anterior and posterior portion 
on each side of tlie vertebr® throughout the rest of the tail. 
The third to the * sixth cervical vertebrai inclusive show an 
anterior concavity and a posterior convexity of the articular ends 
of the centrums in the transverse dmection, an anterior (‘onvexity 
and posterior coiuiavity in the vertical direction, producing an 
niterlocking joint, combining stfength with freedom of motion, 
and analogous to that in the neck of birds. The plenrapopliysial 
part of each transverse process is a broad depressed plfitc, with its 
anterior margin |)roduce(l, and ]>rogrcssivcly increasing in size 
irom the third to the sixth vertebra. A. similar imuTasc is yire- 
sonted by the neural spines, especially in the sixth vertebra. As 
ill the CajHichins, the transverse jiroccss of the atlas of tiui 
Spider-monkeys is perforated lengthwise only by the vertebral 
artery, wliicli afterwards perforates the neural arcli. Tlie atlas 
lias a hypapophysial ridge, and tlic axis shows a corresponding 
tubercle. iSiinc [lairs of ribs articulate directly with the sternum, 
which consists o(‘ eight lioiies and an ensiform cartilage. 

The vertebral column of the Platyrrhino Quailruimna is the 
scat of greater and more important varieties ; tlie caudal por- 
tion is reduced to a stunted ‘ coccyx,’ tlie lumbar region is 
shortened and strengthened, and the sternum is c.omposcMl of 
fewer and broader bones in the Ajies properly so called. In the 
Monkeys and Ihiboons, the dorso-hmibar verteline are nineteen 
in niinilier as a rule, either d 13, l 6, or d 12 , L 7. The latter is 
the ('vommon formula in the Macacques : the caudals varying from 
upwards of 20 in Macacus radiatifs to 15 in AI. r/irsus, and licing 
reduced to 3 or 4 in i\L i/nius. In the Ijalioons ( Cj/noctrphiiliiii)^ 
tlie caudals also vary from 25 in (7, porcaruis to 10 very small 
wid stunted vertebral in the Mandril {(J. fig. 344). In this, 

as in tlie Black-faced Drill (f7. j/om/r/w.v) and Thoth (C. Thotli)^ 
the dorso-lumbar vertebne are reduced to t> 12, l 6, An aii- 
apojdiysial tuliercle is dcvcioiicd from tlie di apophysis of each 
dorsal vertebra, increasing in length to the two last, in which it 
has an independent origin. The metapo|>hysis is suddenly de- 
veloped from the tenth dorsal, and presents an articular surface 
to a second facet on the outer side of the hinder zvgapophysis of 
the vertebra in front. The anapoyihyscs continue to be devehiyied 
from all tlie' lumbar vcrtelirie, progressively decreasing as these 
approach the sacrum, and appearing in the last as a mere ridge 
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on the upper part of tlie base of the diapophysis. The homotypal 
ridge may be recognised on the first sacral vertebra. There are 
rudiments of hypapophyses on the middle caudal vertebne. 
Seven pairs of ribs articulate with the sternum, which consists of 
seven bones and an ensiform cartilage. The transverse process 
of the atlas is perforated lengthwise and vertically by the verte- 
bral artery ; which afterwards pierces the ncin-al arcli : the neural 
spine is represented by small tubercle, and there is a hypapo- 


344 



^lanUrill. {Papis Maimon.) Lxix’. * 

physial ridge. The centrum of the axis is much produced back- 
ward, underlapping that of the third vcrtchra : this character is 
gradually lost in the succeeding vertebne : the transverse process 
of the axis ends in two tubercles. The lower (pleur apophysial) 
division of the process is compressed in the third cervical*, and be- 
comes developed into a plate, progressively increasing, and dis- 
proportionately so in the sixth cervical : it is absent in tlie 
seventh cervical, the transverse process of which’ is, however, 
still perforated by the vertebral artery. The neupl spines arc 
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simple, and increase in length from the third to the seventh 
cervicals. Those of the dorsal vertebrae are longer and stronger, 
but diminish in length as they approach the loins : that of the 
tenth indicates the centre of motion of the trunk. 

In tlie Pig-tailed .Macacque (^Macacus nemestrinus), the atlas 
lias a strong liypapopliysis, but no neural spiifO or tubercle : the 
transverse process is perforated obliquely. The back part of 
the centrum of the axis is much prpduced ; that of the third cer- 
vical is less produced. The spine of the axis is long and bent 
‘backward. A plcura])ophysial plate extends obliquely from the 
transverse processes of the third, fourth, and fifth cervicals, and 
projects downward and outward as a distinct broad ])late fj*om 
that of the sixth vertebra. The long and simple trans\ erse pro- 
cess of the seventh is not perforated by the vertebral artery. 
Metapophysial tubercles are developed upon the diajiophyses of 
the second and succeeding dorsal vertebne, increasing in distinct- 
ness and size to the tenth : in the eleventh the anapophyses 
liecomc separate processes, and the meta])ophys(NS dcvelopc a facet 
for the accessory articular surface of the jiosterior zygnpo[))iYsis 
of the tenth vertebra. This additional interlocking is continu(‘d 
to the antep<mnliimate lumbar, the jf)int being further strcngtli- 
ened by the underlapping of the long anapojihyses : these dis- 
a[)pear in the last lumbar. The diapophysis is a rudimeutal 
ridge in the last' dorsal, but becomes a distinct depressed sharp 
])late in the first lumbar, and ])rogressively increases iji size with 
an antroverted direction in the succeeding lumbar vertebrae 
Eiglit pairs of ribs artieidatc directly vith the sternum, which 
consists of eight l)oncs and an eiisiform cartilage. 

The Doucs ( Coiobus, Nasalls, Sernnopit/wem) have commonly 
I) 12, L 7: but sometimes d la, n 6 (*S'. vielalophis). In Semno- 
jyifhrcus Eutellus^ the cervical transverse 2 »*(>cc.ss(‘.s iinvline down- 
ward : their ])leurapoj)hy si al divisions from the second to the sixth 
increase ; but this part is wanting in the seventh, and tlic trans- 
verse process is inqierforatc. The accessory tuherclc is well 
dcveloj)cd on the diajiojihysis of the ninth and tenth dorsals ; the 
diajiophysial part di.sap|)cars on the eleventh and twelfth dorsals, 
in Avhich the accessory tubercle becomes divided into Avell-marked 
met- and an-apophyses. The dia 2 )o[)liysis reappears on the first 
lumbar, and progressively increases to the ante[)Ciuiltlmate one. 
The metapophysis exists as an elongated tubercle outside the 
jiro/ygapopliysis from the eleventh doi’sal to the last hunbar, 
and the al^apoph 3 ^sis is jirescnt from the tenth dorsal to the sixth 
lumbar. The lucmal arch is present in a fetv.of the anterior 
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caudal vcrtebrio. Seven pairs of ribs directly articulate with the 
stenumi, wliich consists of six bones, slender as in all previous 
Quadrumana. 

In tlic Gibbons, with i> 13, the lumbar vertebra3 are 5, save in 
Ih/lohates si/ndactylus, fig. 189, where they are reduced to 4. In 
the Silvery Gibbon (77. leucAscus)^ the transverse process of tlie 
atlas is only perforated lengthwise and the neural arch grooved 
by the vertebral artery. A pleurapo|>hysial part of the trans- 
verse process begins to project forward on the fifth cervical, and 
becomes a distinct and larger depressed ])late on the sixth: the* 
transverse process of the seventh is a simple diapophysis, and is 
iin]Kn‘forate. The metapo])hysis and anapophysis become distinct 
in the twelfth dorsal, and diverge fi*om each other w'ith increase 
of size in the thirteenth. ^ The anapophysis disa])pears in the 
lumbar vcrtcbrie, Avhilst the (lia[)ophysis rea])pears and the met- 
a]) 0 ])hvsis is retained. The interlocking joints, common to the 
preceding Quadrumana with Carnivora^ here and henceforth 
cease. Seven pairs of ril)S directly join the sternum, which con- 
sists of the manid)riuni, the body, which (jonsists of two or more 
aiichylosed broad and fiat bones, and a slender bony base of the 
‘ ensiform cartilage.’ Two pairs of ribs, and part of a third pair, 
articnlate with the manubrium. 

In the 8Iainang (77. syndacUjlus, fig. 189), the last dorsal shows 
well the separate diapoj)hyses, meta])ophyses, anapojhyses, and 
zygapophyses, more j)articularly the distinction between the an- 
terior zygapo|)hysis and the now snperadded metapophysis. The 
diapo})hyscs are broad depressed plates, progressively increasing 
in the first tlu’ce liim])ar, whilst tlie anapophyses diminish and 
disaj)pear on the third lumbar. The metapophysis recedes I'rom 
the anterior zygapo])hysis in the last lumbar, and becomes quite 
distinct from it in the first sacral, in which, nevertheless, the ar- 
ticular surface of the zygapojdiysis has a nearly vcrticfd position. 
The sacrum, by its greater breadth and the number of vertebrii^ 
forming it, indicates the inairer alfinity of the Siamang, than of 
otlicr Gibbons, to the Orangs. 

In the Orang-utan (Plthcciis Satp'us), the vertebral fonnula 
is: — 7 cervical, 12 dorsal, 4 or 5 lumbar, 6 dr 6 sacral, 2 or 3 
caudal, '^riie transverse process of the atlas is bituberculatc, and 
is perforated lengthwise by the vertebral artery, which aft^jrwards 
grooves the neural arch : tliere is a low hypapophysial tubercle, 
but no neural si)lne. The transverse process of the axis is deeply 
grooved, but not perforated; consisting almost entirely of the 
j)leurapo])liysial., portion. In the third vertebra the two portions 
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of tlic transverse process are uiAed, external to the perforation by 
the vertebral artery. In the fourth cervical the pleurapopliysial 
|airt projects distinctly below the diapophysial part, and progres- 
sively diverges in the fifth and sixth, increasing in size, especially 
iiT the latter, without, however, acquiring tliat antero-postcrior 
breadth which gives it the lamelliforin character in the inferior 
apes. The transverse process of the seventh cervical consists 
of the diapophysis only, and is grooved below, not jicrforated, by 
the vertebral artery. The distinct' nature of the equally simple 
1i-ansvcrsc process in the second and seventli cervical vertebraj of 
this Oraiig iS well sliowri by their different relative positions to 
tlie groove with Avhich the vertebral artery has impressed them. 
Tlie neural spine of the axis is bifurcate ; that of the third 
cervical is simple, long, and slender j those of the succeeding 
ccrvicals are still longer, and progressively inci*case in thickness 
as well as lengtli. The metapophysis a])|)ears as a tubercle near 
tiie base of the anterior zygapophysis of the twelfth dorsal : it is 
e([ually distinct on the first lumbar, but subsides to a slight emi- 
jieiice on the siieocxiding lumbar vertebrie. ^Flie anapophysis is 
only distinguishable from the diapophysis upon the first Ininbar 
vertebra ; it is not so developed as to Interlock, but servos to illus- 
trate the relation ol* the diapopliysis of that vertebra to those of 
the antecedent dorsals and tlie succeeding liimbars. I'hc spine of 
ihe third dorsal has an jinterior and posterior ])rominonce : the 
succeeding s])ines gradually diminish in length, lint increase in 
breadth and aiitero-posterior extent to the i)enultimate lumbar. 
Seven pairs of ribs directly articulate Avith the broad sternum, 
Avhich consists of tlic manubrium and four pairs of ossicles, the two 
lower pairs of Avliich have coalesced. The manubrium is relatively 
shorter than in the (libbons, and receives oidy the first and ])art 
of the second pairs of ribs. As a rule, the number ol‘ dorso- 
lumbar vertebne, in Pithecus, is 16 : that of the sacro-caiidal 
yertebne 8. The first rib is less curved, and desci-ibcs a smaller 
])ortion of a circle than in Mjiu : its head is relatively hu-gcr, and 
is supported on a sliorter neck: it has an C]>iphysis, as in Man. 
The distal portion is relatively less expanded tiian in Man. The 
other ribs chiefly tliffer in their more compressed form and their 
move gradual and equable curvature. 

In th*e Chimpanzee ( Troglodytes niyer^ fig. 345 ), the vertebral 
formula is: — 7 cervical, 13 dorsal, 3 or 4 lumbar, 5 or 6 sacral, 
and 2 or 3 caudal. The plcLirapophysial portion of the transverse 
process of Jtlie atlas is shorter than in the Orang, and has not 
united with the longer diapophysial division : the canal for the 
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vertebral artery is thus not qui^o circumscribed by bone: the 
artery afterwards pierces tlie neural arch on the left side, and 
deeply grooves it on the right side. The two portions of the 
transverse process of the axis have coalesced, and form a thick 
tubercle externally, surrounding the vertebral artery : this tubercle 

increases in breadth in the tliird, and 


345 
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in length in the fourth ; in tlie fifth it 
sends a distinct tubercle from its lower 
part, and the answerable j)art forms an 
antroverted, obtuse, broad process id 
the sixth. The pleurapfiphysial cle- 
ment is wanting in the seventh, in 
which the dia|)ophysis is deeply grooved 
Jjclow for the vertebral artery. The 
s|>ines of the 4 — 7 cervicals arc long 
and simple. A metapophysis may be 
distinguished in the eleventh and 
twelfth dorsals, which becomes distinct 
from the diapophysis in the thirteenth, 
and projects from the outside of the 
prozygapophysis in all the lumbar ver- 
tebne. The dia]>ophyses are longest 
in the first and second lumbars, arc 
shoi’tcst in the third, and are augmen- 
ted in the fourth by the developemont 
of a thick anapophysis at their back 
part, which licrc articulates with the 
first sacral vertebra. In old males the 
fourth lumbar becomes the first sacral 
by a more complete coalescence. Seven 
j)airs of ribs directly join the sternum, 
which consists of five flat bones and 
an ensifoiin part: the fourth and fifth 
bones have coalesced : the manu- 
brium, as in the Orangs, is the broad- 
est, and receives the first pair and ])art 
of the second pair of ribs. These arc 
shorter, and their neck relatively 
longer than in the Orang, and they 
are more curved. The thirteenth rib 


retains a distinct articular tubercle and neck. 


In the Gorilla ( yVof/lodt/tes Gorilla^ fig. the dorso- 

lumbar vertebrle, as in the Cliimpanzee, arc 17 in ^number, the 
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tirirteenth dorsal answering to the first lumbar in Man, with the 
pleurapophyses retained as distinct elements. The bpdics of the 
middle dorsal vertebree 346 


are shorter in propor- 
tion to their breadth; 
the diapophyscs '*arc 
thicker, stand more di- 
rectly outward, and the 
costal surfaces arc 
more concave and ob- 
long than in Man ; tlic 
metapophysis, Avhich 
projects distinctly in 
the eleventh vertebra 
in Man, docs not so 
appear until the twelfth 
in the Gorilla. In the 
first dorsal the diapo- 
jfiiysis projects directly 
outward ; the propor- 
tionate increase of the 
centrum is greater than 
in Man ; the neural 
s])iue is less oblicpiely 
bent backward, and is 
thicker antero-posteri- 
orly, thougli not lon- 
ger; the tintciioi ^y 
})()physes are more j)ro- 
(luced ; the (liapo|)hysos 
arc broader and some- 
Avhat shorter. In the 
eleventh dorsal the 
neural s[)ine is much 
expanded at its extre- 
mity. In tlie twelfth, 
there arc distinct and 
w cl 1-de veloped m c ta- 
pophyses, projecting 
from tlie fore part of 
the diapophyses, and 
overhanj^ing the ante- 
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this vertebra corresponds ii?. tliis character 
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•with the eleventh of the Human subject. The neural spine is 
broader and thicker, especially superiorly ; there is but one costal 
surface on each side ; the diapophyses are reduced in size, the 
metapophyses equalling them, the body and neural spine increas- 
ing. The thoracic ribs are longer and thicker, more convex on 
their inner side, with the subcostal groove not defined, except in 
two or three of the longest ribs near their vertebral end ; the neck 
is shorter and thicker than in Man ; the longest rib is one foot four 
inches in length, — that of the longest rib in an average-sized man 
being thirteen inches. The manubrium sterni is inucli broader than 
in Man (fig. 183 ), and less deeply excavated for the clavicles ; the 
three or four sternebers which coalesce to form the ‘ body ’ of the 
breast-bone liave a like character. The cervical vertobrai differ 
most from the Iluinan in ^he extraordinary length of the spines 
of the last five vertebne ; that of the fourth cervical is not less 
than three inches and a half; the spines of the sixth and seventh 
cervicals gradually decrease in length and increase in thickness : 
the s[)iue of the dentata is trihedral, the surfaces being divided 
by produced shari) ridges ; the canal for the vertebral artery de- 
creases in diameter from the sixth forward to the atlas. The 
bodies of these vertebne are longer in proportion to their breadth 
than in Man, and the lower (i>leurapo])hysial) part of the trans- 
verse process of the sixth is more suddenly increased in length 
and breadth, and diverges more from the upper division of the 
same ])rocc3S. The atlas is navroAver than in Man, Avitb a wider 
neural canal, especially between the condyhvs, Avhich are smaller 
than in Man. An obtuse process is developed backward from 
the ])art representing the body, Avhich is l)roador than in IVlan ; 
the |)erforation of the transverse process is smaller, and that pro- 
cess is naiTOAver, especially Acrtically; the groove liebind the 
ujAper articular j)rocesscs is deeper and narnnver. '!l1ie axis or 
dentata differs chiefiy in the greater size of the neural canal, and 
in the greater length and less breadth of the neural s]>iue ; tlui^ 
zygapophyses arc smaller, the transverse processes are more 
directly perforated by the arterial foramina, and the diapophysos 
are more produced. 

In the first lumbar vertebra, fig. 346, 2 , the metapoidiysis is 
still large and distinct ; the anterior zyga])ophYsis becomes more 
convex and oblifpic in position ; the diapophysis is suddenly elon- 
gated, as compared Avith that of the corresponding (second) 
JI umau lumbar vertebra; the chief difference is seen in the 
smaller, ^zc of the neural canal Avhich relates to <the inferior 
devolopemont qf tho lower extremities. The same differeiu^c 
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obtains in the second ( 3 , answering to the third Ilnmah) hmibar 
vertebra ; the diapophyses are broader and more depressed in the 
Gorilla ; a fossa divides the anterior zygapophysis from the meta- 
popli}'sis ; the centrum is as broad as in Man, but is deeper and 
longer ; the neural spine extends more obliquely backward, and 
its expanded apex bifid. In the third lumbar vertebra, 4, the 
(lifferenee is very striking in the minor expanse of the centrum 
in the Gorilla, especially behind, in the much smaller and more 
depressed form of the neural canal, in Sie shorter and broader 
?liaj)()|)liysis, the more distinct mctapopliysis, in the convex an- 
terior and more a])proximated posterior zygapophyses, and in the 
greater length of the centrum. In old males this vertebra is 
included by the ilia. The whole scries of true vertebne in the 
Gorilla form but one curvature, which is slightly concave forward, 
es]>ecially in the dorsal region. 

The sacrum departs in a greater and more instructive degree 
from tlic Human ty[)C ; it consists of five or six aneliyloscd 
vertebra), but they are longer and narrower tlian in Man, and 
present a very slight enrve, with the concavity forward ; the 
neural foramina are much smaller, the neural spines much more 
developed, and coalesce to form a single strong bony ridge, ex- 
tended over and gradually subsiding 011 the last sacral vertebra, 
the neural arch of wliieh is entire ; the first sacral vertebra, ib. 5, 
answers to the fifth lumbar in Man; the zygapophyses arc 
smaller, l)ut the metapophyscs are jireseiit and well developed. 
4'lic posterior outlets for the sa<*ral nerves are very small, and 
the Avliolc neural canal is much more contracted than in Man. 

11. The .SVc////.— The skull of the Aye-aye, fig. 343, in com- 
parison with that of lower mammals ol similar size, is remarkable 
fi>r the large proportion of the cranium to tlic fiicc, and the 
oxtreme shortness of the latter in advance of the orbits. Its 
profile contour, from the upper border of the foramen magnnin, 
c^urves rapidly from the occipital to the parietal region, and is 
continued with a bold convexity to the root ot the nose, Avhenco 
it slopes straight to the nostril. The cranium is still more con- 
vex transversely ; it expands a little in advance of the lambdoid 
ridge, and gradufilly, but A'cry slightly, contracts to the post- 
orbital processes; these, meeting with the mabars, complete the 
rim of the orbit, which opens widely beneath that part of the 
frame into tlic temporal fossa. 

In the complete circumscription of the rim of the bony orbit 
ex,emplifics its quadnmianous affinity ; Avhilst it shows 
the special family to which in that order it belongs by tlic 
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deficiency of the wall partitioning the orbital from the temporal 
cavity. The Lemurs, in this defect, indicate the transition to the 
lower ungiiiculate A/amrwa//a, the GaleopithecuSy^^. 253, offering 
the last step by the incompleteness of the orbital frame-ring 
behind. The outlook of the orbits, in the Aye-aye, obliquely 
forward, upward, and outward, but least so \n the last direction, 
differs significantly from the direct outward aspect of those ill- 
defined cavities in most Itodcnts. 

The basioccipital cxtexids to the fore part of the large tympanic^ 
bulhe, to al)ut against which its margins are slightly produce(lj> 
The occipital condyles are long and narrow. The ])lane of tiie 
foramen magnuni forms with the basioccipital an angle of 125^, 
its as])ect being downward and backward. The paroccij)ltal is a 
low eminence, and the mastoid in front of it is hardly more pro- 
minent ; neither process extends freely do^\ iiward. The super- 
occipital, il). 3, is a thin plate moulded on the middle and lateral 
lobes of the cerebellum, and showing outwardly their rcsj)ective 
j)romin cnees. Tlie petrosal is impressed by the pit for the cere- 
bellar a})pendagc. 

Tlierc is a small triangular interparietal. The basisidienoid is 
expanded by a large sinus, and coalesces with the presphenoid. 
TJie alis])heiioid developcs the cctoptcrygoid ridge, cxlending 
from between the squamosal and tympanic to the outer side of the 
entoptorygoid ; both y)lates arc imperforate. The iiatiforni protu- 
berances form deep dcprcssi<ms in the alisyfiienoid, on each side 
the flat square platform of the cranial surface of the basisplicnoid, 
in the middle of which is the subcircular pituitary pit. There arc 
no clinoid yn'occsses. The alisphenoids join tlio parictals, whicli 
contribute the greatest sliarc to the formation of the calvarium, 
Tlie tymj>anic, coalescing with tlic petrosal, is, together with that 
element, expanded into an oval bulla on each side the basi- 
s[)hcnoid. The ])arictals, 7 , impressed from within to transparent 
thinness by the longitudinal convolutions of the cerebrum, do not 
exceed half a line in thickness elsewhere. 

The coronal suture crosses the cranium transversely three lines 
behind the postorbitals; the frontal suture remains, as in other 
Lemur and, like the sagittal, it is a harinoiiia. The fore part 
of the frontals, ii, project a little between the origin of the nasals, 
and also between the nasals and maxillaries ; they tlien join the 
lacrymals., form the upper half of the inner wall of tlie orbit, and 
unite behind with the orbitosplienoid, alisydienoid, and parietal. 
The rhinenceplialic fossa is subcircular and large the median 
septum is produced into a " crista galli.’ The frontal sinuses gi^ c 
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no outward indication, but arc extensive; they are divided from 
each other by a median bony septum ; each division communi- 
cates with tlie nasal chamber by a median orifice and by a lateral 
one with the antrum. The nasals, 15 , join above A\ath the frontals 
and at the sides with the premaxillaries, ‘22. The presphenoid is 
short, smooth on the under surface, and concave there trans- 
versely. The vomer quickly assumes the ibrm of a vertical i)latc, 
with the free hind border concave. The palatines form the 
hinder third of the bony palate ; Hie suture of each with the 
^naxillary is slightly convex forward : they arc divided from the 
inner alveolar wall of the last two molars by a groove which 
deepens into a fissure, bounded beyond the last molar by the 
pterygoid. The maxillary forms more than the middle tliird of 
the palate, leaving the smallest share of the I'oof of the mouth to 
the ])remaxillary. Tlie facial plate of tlte maxillary, 21, extends by 
a narrow jwoduced apex to the lacryinal, 73 , but is excluded from 
the frontal by the junction of the lacryinal with the premaxillary; 
it is perforated by a small antorbital foramen. The premaxillaries 
constitute a larger share of the facial wall, rising as high as the 
nasals, between which and the maxillaries they interpose a broad 
plate, circumscribing, with the nasals, the external nostril. The 
socket of the iiuMsor curves upward and liackward to the max- 
illary, in which it is continued to beneath the orbit. T'he malar 
bone, 26, is long and deep, especially below the orbit, of Avhich it 
forms the lower half; and where it bends outward to expand that 
cavity, it unites with the lacryinal and extensively witli the max- 
illary anteriorly, and bifurcates behind, — the nnrroAVcr liranch 
jnt)unting to the postorlntal, the broader one eontiniiing l)ack- 
ward to the squaiiiosal, 27. This essentially facial or maxillary 
element is anchylosed not only with the mastoid .and i)ctrosal, Init 
also Avith tlie tym])anic ; its cranial plate icrmiiiates )jy a convex 
border overlapjiing the contiguous boi'dcrs of the alisjdicnoid and 
parietal. The articular sui'face for the mandible is broad and 
flat, save Avherc its inner border bends doAvn nj)on the side of tlic 
])ctro-tympanic bulla. There is no ridge behind it to prevent the 
free movements of the mandible backAvard and forAvaixl, accom- 
panying the rodeiit action of the great scalpriform incisors: in 
this the Aye-aye differs from other hcmurid(2. 

The mandible, 32, Is short and deep : each ramus is compressed 
and straight; they converge at an acute angle to a short ligament- 
ous symphysis. The condyle is sessile, narrow, rather long, convex 
both across and IcngtliAvise, and the latter most so, looking back- 
ward and npAvard, and placed on the level of the grinding-teeth. 
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The thin borders of the ascending ramus diverge from the con- 
dyle as they pass, the one downward and inward to the low angle, 
and the other forward and upward to the better-marked and more 
advanced coronoid, tlie obtuse end of which is nearer the last 
molar than the condyle. ’ A slight ridge above the angle bounds 
the surface for muscular insertion behind ; apd here the angle is 
a little inflected. 

In the Woolly Lemur (Liclianohts laniger^ fig. 177), the cranium 
has a short paroccipital and a shorter mastoid process which 
coalesces with the base of a large petro-tympaiiic bulla. The 
squamosal is perforated by a venous foramen anterior to tlu; 
auditory meatus. The malar extends backward almost to the 
glenoid cavity, wdiich, as in following Lemuridcp.^ is defended l)y 
a posterior ridge. The large orbits reduce the intervening part 
of the frontal to a narrow channel. The ])remaxillarics arc 
divided anteriorly by an angular cleft separating in the same 
degree the anterior or mid-incisors from each other. The lower 
jaw is remarkable for the great produclion of its broad and 
rounded angle : the back part of its symphysis is also produced. 

In Stenops gracilis ^ and especially in Tarshis spectrum, the 
most remarkable feature in the cranium is the expanded frame of 
the orbits, ■which are closely approximated above the nasal bones. 
These overhang the premaxillaries, the most produced part of 
which forms the lower boundary of the external nostril, from 
wliich, in the Slender Lemur, the premaxillaries slope downward 
and backward to the incisive alveoli. The temporal ridges are 
wddcly separated along tlie upper part of the globular cranium, 
wdierc the coronal and fronto-sagittal sutures intersect each other 

at right angles. As in the 
Aye-aye and most Lemur - 
i(he, the cranial sutures are 
‘ harmoniie.’ 

In the Slow Lemur 
noj)s iardigradus), the orbits 
are less closely approximate 
than in the Stenops gracilis,^ 
and the aMcrior surface of 
tlie small premaxillaries is 
more nearly A^ertical. The 
vomer divides tlie nostrils to their posterior apertures. 

In the Potto {Perodicticus, fig. 347), as in other Slow Lemurs 
(Stenops), the cranial expansion behind the meatijs auditor! us 
forms one-third the length of the skull, owing to the great pro- 
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portioiial size of the occi[)it«al and mastoid. The iiiterovi vital sjnico 
is broader than in Stenops tard'ujradus. 

In the true Lemurs the facial part of the skull is more pro- 
duced; it is formed by the lacrymals^ nasals, and maxillaries ; 
the premaxillaries continuing very minute. In Lemur Macaco 
tin? |)etrosal has a Ijirge and deep cerebellar fossa : a. shoi t ten- 
torial ridge projects anterior to this. TIu're is a low postclinoid 
ridge. The lateral sinus pierces the ])etro.sal wIku’c it joins the 
parietal and meets a second venous chamfol traversing the middle 
iossa of the cranium to terminate at tlui postglonoid foramen. 
I'he foramen ovale is a small fissure between the jx^trosal and 
tdisphenoid, less than the foramen rotuuduin, which is (*los(i to 
the foramen iaccrum anterius : the outlet of tlie i'orainen ovale 
is in the Lustachian fossa. 

The grey Lemur { Chirof/aleus f/risens^ fig. 848 ) lias the more 
coininon abbreviation of the antorbital 
part of the skull, in which the lacry- 
mal foramen is conspicuous. Tlie 
malar is perforated by the ‘ ruTvus 
subcutaneus mahe.’ The coronoid pro- 
cess of the inaudible, Avell developed 
in all LeninruUe, is here very high. 

'[fhe anterior cornua of the hyoid, 
in Chdromya and o\\vq>v Lemur ida*, arc 
longer than tlie posterior, and incdudc epi- and cerato-hyals, sup- 
porting a cartilaginous stylo-hyal. 

In the l^latyrrhines the cranium is jiroportionally larger and 
the jaws less, as tlie species arc smaller in size : they thus ex- 
emplify the immature characters of the larger s])ecies. The 
cranium is more globular, the occiput more prot-uberant, the 
M’oramcn magnum’ more advanced in ])osition, and with a more 
downward aspect, in the Marmosets {»JncchuH), and Ouistitis or 
T]-tis ( than in the Howlers (il///ccto). The frontal 

suture is obliterated in all, and the single bone, thence resulting, 
is triangular with the apex extending back, between the parictals, 
in some Capucins {Cchus) as far as the supcroccipital (fig. 289, 
(^drus) : thus rc|A?ating a piscine collocation of supra-cranial 
l)ones. The entocarotid perforates the back part of the petrosal. 

In all* Platyrrhines a division of the lateral cerebral venous 
{^inus excavates the base of the petrosal to terminate at the post- 
glenoid fossa, as in most Lemurs : the malar is siinilarly i>cr- 
forated by a. facial nerve: the ])late Avhich divides the orbital 
from the temporal fossa exhibits a small nnossifj^ed va(*nitv in 
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most Platyrrliiiies.^ I'lic petrosal lias a deep cerebellar depres- 
sion. The postclinoid plate is more develojied, the rhiueiiceplialic 
fossa is smaller, and the orbital walls project more into the cranial 
cavity than in the Strejisirrhines. The lacrymal is not extended 
ii])on the face, and the foramen is within the orbit. 

Ill CaUithriv sciureus the orbits do not coimnunicate with the 
temporal fosste. There arc no paroccipitals, and only a feeble 
mastoid riilge. The petrosals are slightly swollen at the basis 
cranii. '^flie parictals nrticiilafe Avith the malars. Tlierc is a 
vacuity in the interorbital septum. ^ 

In Cebus, also, there are neither paroccipitals nor mastoids^ and 
the petro tympanies form slightly swollen convexities. Besides 

the ]>ostglenoid venous foramen, 
there is a second at the end of 
tlie sfpiamosal suture. The fora- 
men ovale is between the petro- 
sal and tilisphenoid. The sii})er- 
oceipital plate has two large 
de[>ressions, as in CaUithriv. 
The orliital plate of the malar 
shows a small hole near its junc- 
tion Avith the alisphenoid.^ The 
basi-hyal is excavated behind; 
not so in CaUithriv: the anterior cornua are long, and formed by 
epi- and cerato-liyals ; the thyro-hyals are broader, not longer. 

In the Spider Monkeys {Afdvs) the paroccipitals and niastoids 
form rough tubcn*cles. There is tlie same venous foramen as in 
Cdnm^ formed by the meeting of two converging sinuses between 
the s([uamosal and alispheiioid. Ossification has extended into 
one half of the tentorium. The cerebellar fossa in the petrosal is 
of great depth. The foramen ovale is formed by the petrosal and 
alispheiioid. The vomer extends to the posterior nares. ^flie 
incisive foramen is large and single. 

The symphysis of the lower jaAv is completelY anchyloscd, and 
the angle of the jaw rounded ott', as in most Platyrrhines. The 
condyles and small coronoid processes are of equal height: in 
Marmosets the coi’onoid is higher, and in IJapalr Jacchus the 
inaiidibular angle is slightly produced. The basi-hyal is a convex 
plate: the cerato-hyals are shorter than in Cvhus: tlve thyro- 
hyals arc longer. 

* ciy. pi. vi. {Cebns^ Doiiroucouli, Chamck.) 

“ These rt'lics of tlie orbit o-tc?iiporal \acnit 7 were first iioticetl »:is such by Prof. 
Filippi. , 
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In the lied Howler [3Iii/cetcs seniculus, lig. 350) the su]>eroeei“ 
])itMl region is almost flat and vertical, at right angles with the 
pai’ietal surfac(3, from wliicli it is .sei)aratc(l hy a. well-defined 
ridge : the foramen inagiuim looks almost dir('ctly backward. 
The maxillo-premaxillaiy sutures demonstrate the junction of the 
premaxillaries with •the nasals. The ectoptciygoids much exceed 
the cntopterygoid ])latcs in size. Tlie 
large malar foramen communicates witli 
the orbit : the suborlntal foramina of 
Mie maxillary are two in number, and 
small. The chief feature of peculiarity 
in the skull of the Howler is the extra- 
ordinary de])th of the mandibular rami, 
especially of their angular and asccndy 
ing portions. This devcloj)ment relates 
to tlie protection and su])])ort of the 
still more cxtraordinarilv developed 

I*' , ir<)wli‘r ntwrn ».>?;, Lxrx*. 

Iiyoidean and laryngeal ap])aratus — the 

organs of th(3 loud and dissonant cries wliicli have procured for 
these Soutli American i\lonkeys tlieir common name. The 
superior lengtli of tl\e postglenoid ]>rocess, in relation to the 
larger and heavier lower jaw, is Avorthy of notice. j\n obtuse 
paroccipital ridge extends from the condyle to the mastoid ridge. 
The ])recondy]oid, jugular, and <!arotid foramina all open into 
an irregular fossa l)etwcen the petrosal and paroccipital ridge. 
There is a small venous foramen outside the mastoid, and a 
second at the antcu’ior border of* the sctiiamosal. Tlic liyoid arch 
is reduced to the l)asi- aud Ihyro-liyals ; but the former is 
enormously developed, and expanded into a capacious sac Avitli 
thin walls, and a posterior opening, admitting a laiyiigeal pouch. 
A narrow transverse plate descends f*rom the roof oi’ the bony 
sac. The cerato-hyals are obsolete. The thyro-hyals long, for 
^svsi)ending the sac to the upper angles of the large thyroid car- 
tilage. 

Tliere is much greater diversity, and more marked ascending 
steps of structure, in the skull of the ^ Old World’ than of the 
‘ New World’ Monkeys. No Catarrliine »shows ossification of 
the tentorium ; and in all the preclinoid, as avcII as postelinoid, 
processes defend the sella. The same remark, as to concur- 
rence of immature proi)ortious of cranium and jaws with in- 
Jantilc "Stature, applies to the Catarrhine as to the Platyrrhinc 
Quadrumanaf But the larger species of the lower groups (Y/y- 
iioccphalusy Pajyio^ e.g.) show more carnivorous or brutish i)ro- 
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portions of skull tluin do those (Ornng, Gorilla) of the higher 
group. , 

In the Hlack-faced Drill {Cj/mwephahis pormrins, fig. Bol) 

flu; faeial iniieh exceeds the 
crnnial part of the skull. The 
supero(*cipitr.l is almost Wat: 
hut, sloping u]nvard and back- 
wai'd, forms an a(*ute angle with 
the parietal, from which it is 
divided l.)y a strong ridge, where? 
the diploc is obliterated. The 
mastoid is more developed tlnin 
the paro(‘-ei])ital prominence ; but 
both are low. The jugular fossa 
is distinct from the prccondyloid and carotid foramina ; outside the 
latter is a short ‘ vaginal ’ process. The petrosal bifurcates anteri- 
orly into a ‘ eustachiaii ’ and an ^ ai)ical ’ process: the latter under- 
laps the base of the j)terygoid process r the inner surface of the 
petrosal is (doscly applied to the basisphenoid aiul basioccipital as 
far as the ‘ foramen jugularc : ’ there is, thus, no ‘ foramen lacerum 
basis cranii.’ "I''lic scpiaraosal is perforated near its middle by one 
or two small f wamina, but there are no ‘ |)ost-glen()id ’ outlets of 
the lateral sinuses. The foramen ovale is between the ])etrosal 
and alisphenoid, and the nerve which it transmits pierces the base 
of the broad ectopterygoid : the ontopterygoid ])late is compara- 
tively small, but ends in a hamular j)rocess. The glenoid arti- 
cular surface jwojects from the under ])art of the base of the 
zygoma, and is slightly (*011 vex: it is defended by a postglonoid 
process. The vomer divides the posterior nostrils, and there is a 
venous sinus or foramen between its base and the presphenoid. 
The coalesced nasals are ] worn incut and gra<lually ex[)aiid as they 
advance forward: they unite with a small proportion of the pre- 
maxillaries. The fossa; between the nasals and maxillary tubCij’- 
osities are short and wide. The pterygoid fossa; are large and 
deep. The alisphenoid is separated by the sfpiamosal from the 
parietal. The upper angle of the mastoid is wedged between the 
supcroccipital and ])arictal. The limits of thd interparietal may 
be trac(;d upon the inner surface of the cah arium. There is a 
shalloAv cerebellar fossa above the meatus internus. The optic 
foramina are approximated. The entry to the rhinencephalic 
fossa is mucli contracted by the bulging ])roininence of the roofs 
of the orbits. 

In the Mngot (Macacus Inum, fig. 352) and other Maiiacques, 
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with ii geiiornl reduction of the size of the unimiil, tlie jaws are 
concornitantly reduced, so that the cranial cavity forms one half 
of the length of the skull. The general characters are those 
noted in the Drill. In 
car us nemestrinus^ a j)rocess of 
styliform shape is. developed 
from the lower end of each 
mastoid. The posterior clinoid 
plate is largely developed and 
‘is perforated. The C('rehellar 
foss.'i is moderately dee]); the 
foramen ovale is between the 
alisphenoid and ])etrosal. 'Die 
entry to the rhincneejihalic 
fossa is contracted by a pair of lateral ])rocesses. 

Ill the still smaller Monkeys {^ihi'copitltcats^ llg. the 

cranial ca^•ity (brms a larger portion of tlie skull. In C. ruber, 
the alisphenoid joins the parietal on the left side, noton the right. 
In all the premaxillaries risii high Ixjtwcen the maxillaries and 
nasals: the interior of the cranium shows the cerebellar ]Mtof the 
petrosal, and the well-developed crista galli dividing the deep 
rhinence])halic fossa. The |)ostglenoid ])rocess is pointed, and in 
some (CVm albofjularis) the mastoid also : 
the entocarotids pierce the ])etrosals. The 



Doucs (^Semuopitkecus) have a similar pro- 
])ortion of cranial cavity: in which (he 
cerebellar fossa of the ])etrosal is both large 
and deep. The entry to the rhinenccphalic. 
fossa is constricted by the aj)j)roxima,tion of 
its lateral margins, wdiich almost touch at 
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the middle. The foramen ovale is b(*twecn 


tlie petrosal and the alisphenoid. Tlie tyin]>anic air-cells extend 


ii*to the mastoid and squamosal. 
The bony septum between the 
01‘bital and temporal fossie is 
entire in all Catarrhines. 

In the Gibbohs {J//f/obates, 
fig. 3 j 4) the jaws are more 
shortened, the cranium more ex- 
|>anded. The alis|)lienoid is per- 
forated by the foramen ovale, and 
joins the parkital. The premax- 
illarics do not reach the nasals. 
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The petrosal still shows the cerebellar fossa : its exterior surface 
is no longer swollen into a cellular bulla, but exhibits a well- 
marked eustachian process. The ento- and post-glcnoid processes 
are well develo])ed. The orbital border is tliick and prominent, 
but the superciliary portions do not meet above the nasal. In 
the skull of a young Gibbon I have seen the exceptional exten- 
sion of the frontal l;)ackward to the occipital, as in fig. 239 ( Cehus), 
The mandibular symphysis is more nearly vertical and the angle 
more produced in the Siumang than in other Gibbons. 

In the Oranga and Chimpanzees the foramen ovale is pierce(> 

in the alisphenoid, and the 
entocarotid traverses the 
petrosal, which has no cere- 
bcllar ])it. The cranial and 
facial parts of the skull 
arc about equal in the adult; 
males, with fully developed 
laniary canines: in the fe- 
males, with smaller canines, 
the jaws are less ; and tlie 
cranial cavity predominates 
still more in the immature 
indi^iduals. In some va- 
rieties of Orang [Pither.us 
Satf/rns^ fig. 3o5) the cra- 
nium rises higher than in 
others: and this feature is 
increased, in old males, by 
th(j growth of the parietal crest, which bifurcates anteriorly, de- 
fining a flat triangular space upon the frontal, and posteriorly to 
form the lambdoid crests, — a ])rovision, as in Camiiwm, for the 
large and ])oweriid temporal muscles. The superorbital ridge does 
not project above the nasal bone : this, usually single and small, js 
flat. The premaxillaries coalesce with the maxillaries when the 
sockets of the permanent laniaries are develo})ed: and about the 
same time the basis])henoid coalcs(;es Avith the basioccipital. The 
sphenoidal sinus is almost wholly formed by tlit presphenoid, and 
it is divided by a longitudinal septum. Tlie lower border of the 
basi-occipito-s})lienoidal floor of the cranium is parallel with the 
bony palate or floor of the nostrils, ^fhe plane of the occipital 
foraimm forms an open angle with the straight basi-occipito-sphe- 
noidal line. The alisphenoid, o, joins tlie jiarietal, 7 ; the prccond^r- 
loid foramina are usually double on each side. The mastoid is not a 
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prominent process ; tlie tyin])anic air-cells are continncd thereiVom 
into the squamosal. The iuterorbital sinuses do nut ascend to 
within half an inch of the upper level of the orbits, and there is 
consequently ho proper frontal sinus : a ('aiu^ellous structure occu- 
pies the usual place of this, l)elo\v which the part of the interorbital 
septum formed by« the liinder crista of the nasal bone and the 
frontal presents a very compact dense stiuicture. The small venous 
canal continued from the foramen cnccum traverses the base of this 
septum to terminate at the lower end ‘of the short nasal bone. 
*The * lamina per])endicularis lethmoidei,’ or coalesced prefrontals, 
presents a quadrate form. The floor of the nasal cavity is long 
jind thick, as compared with that in Alan, and a larger proi)ortioii 
of it is contributed by the }>reinaxjlhiry. The orbits are directed 
i(>rward and have a full oval sliaj^e. The area of the nasal cavity 
eijuals more than one tliird of that of the cranial cavity. The 
most anterior part of this cavity is formed hy the detq), narrow, 
and wcll-dcflncd rhinencephalic fossa: the ‘ crista gall i Vis riidi- 
mental. The division of the proseiicephalic conq>artinent, for the 
anterior and middle lobes of ihc cerelnaim, is very slightly 
defined hy the orbitosphenoid. The tentorial I'idge is not con- 
tinned backward beyond the j)etrosaI. The nasal end of the 
incisive canal is divided by thcj ])rocess extending IVom the pre- 
maxillary to the maxillary ; but this is the only part of the pre- 
maxillary w'liicli docs not coalesce with the maxillary. 'fhe 
tnr))iiial plates are less developed than in the (lorilla ; the h)\ver 
one is shorter than the one above and there is not ajiv plate 
answering to the small siq)erior tn binal in the (jorilhi and in 
Alan. There is, in some Orangs’ sk 11s, a process, formed by the 
anchylosed base of the stylo- 
hyal, w'hich is defended in 
front by a low and obtuse 
vaginal ])roccss. '^fhe com- 
]\a(it wall of the mandibular 
symphysis is thick and d(Misc. 

The symphysis slopes from 
above dowuiward and ba(*k- 
ward. 

In the gciuis Trofjhdj/tcs, 
the squamosal, fig. 3o6, 27, 
usually articulates Avith the 
frontal, ii ; the premaxillarics coalesce with the maxillavies earlier 
than in Pitli^ms, the alveolar part of the suture being ol)literatc<l 
before the nasal portion ; the palatal part long remains. Tn the 
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smaller species of Chimpanzee (!ZV. iiujcr) the temporal ridges 
meet, in old males, upon the sagittal line, hut rarely dcvelope a 
crest : the lambdoidal boundary-ridges are better marked. 

Indei)cndcntly of the su]>criority of size of the Tr, Gorilla 
over tlie Tr, nitjer^ the skull of the former, tigs. Ho? — 359, 
presents well-marked differences of form, differences in the deve- 
lopement an<l proportions of the intermuscular ridges, in the dis- 
position of certain sutures, and in the structure and proportions of 
certain teeth, Coinpai’M in profile, the skull of both species, 
figs. 35() and 357, presents a striking difference from that of 
the Orang, fig. 355, in the prominence of tlie superorbital ridge ; 
but the temporal ridges, after their junction upon the frontal, 
rise, in the Tr. (Horillay into a strong and lofty sagittal crest, 

whicdi is continued to the 
lambdoidal crest, the great 
extent of which masks the 
po.sterior convexity of the 
occiput. The zygoma- 
tic arch is ])roportionally 
much stronger in the (io- 
rilla, and also differs from 
that in Tr. ni(jvr by the 
sc|uamosal j)art being of 
equal depth with the malar 
part, and by its having its 
upper border convex, or 
])roduced into an angle 
instead of being straight 
or sliglitly concave. The 
alisj)hcnoid is longer and narrower in Tr. Gorilla^ and contri- 
butes less to the back wall of the orbit than in Tr. nir/vry in 
which it forms a much smaller proportion of that part than in 
Man. The spheno-maxillary fissure is not only larger in TV. 
Gorilla^ but is narroAver and more vertical, not augularly bent 
as in Tr. nujor. The extent of the ju’cmaxillary bones beloAV 
the nostril is not only relatively but absolutely less in Tr. 
Gorilla., and the ])rofilc of the skull less couVex at that i)art, 
or less ‘ prognathic!,’ than in Tr. nifjcr, ffMie breadth of the pre- 
maxi Ihiries and of the incisor teeth is the same in both, Avhilst 
ill all other dimensions the Tr. Gorilla greatly surpasses the 
Tr, niger: this is seen in the height of the sagittal crest, the 
thickness of the great supcrorbital bar of bone, the prominence 
of tlic ectorbital walls, and of tlie infei-ior tumid malar boundaries 
of the orbits, fig. 35S, 2r>. The nasal bones liave united together 
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in Tr. Gorilla as in Tr, nigcr^ but less eoinplotely, a linear indi- 
cation of the median suture remaining along the exterior siirlaee : 
the coalesced upper portions of the nasals ascend higher above, 
the nasal processes of the maxillary tlian in Tr. nhjvr^ biM'onn; 
contracted between those processes and there |)rojeet sliglitly, 
their median coalesced margins being produc(!d forward ; they 
expand at tluar lower halves^ and articuhite not only wilh llie 
jnaxillaries, 2i, but Avith an expanded superior ]M)rtion or dis- 
inernbcrinent of the premaxillaric^, ait. In the immature Tv. 

^ viejer^ tlie maxillo-premaxillary sutures show lhat eacli pre- 
maxillary bone terminates above in a point Avliich does not 
reach the nasals. The orbits have ;358 

a more sidjquadrate form, with the 
angles rounded oH*, in Tr. Gorilla. 
than in Tr. nujitr ; but their peri- 
phery is less sharjdy tie lined, espe- 
cially below, than in Tr. nitjer. The 
ethmoidal (;ells are more sw^^len 
out, giving the interorbital space 
a greater breadth below liud the 
lachrymal fossie a more anterior 
aspect in Tr. Gorilla. '^fhe inlra- 
orbital canal issues u})on the face 
relatively lower and further from the 
orbit. The Avhole nasal bone is rela- 
tively longer, and the distance iroin 
the orbits to the external nostril greater in the Tr. Gorilla. 
The malar bone, 2G, is more convex outwardly, and is more rcmnrk- 
ablc for its vertical extent : it is Hatter and develoi)ed more trans- 
versely in the Tr. nic/er. The larger ])roportional size of the 
canines in Tr. Gorilla, impresses a corresponding ditrerenee u])on 
the alveolar part of the niaxilhiry l)one in that species. Fig. .‘157 
.contrasts the broad Hattcned superoccipital surface of the (iorilla 
Avith the convexity of the same j)art in the 7V. nifjrr, fig. : tlui 
dilFcrencc is due to the much thicdvcr and broader lambdoidal 
ridge in the larger s])ecics, Avhich prolongs the surface beyond tlie 
cerebellar fossa, \ind gives the condyles and foramen magnum a 
rather more advanced position as com})ared Avith the Tr. ni<jm\ 
The next character, explicable in relation to the greater Avcightof 
tlie skull to be poised upon the atlas, is the greater [)romineiic(t of 
the mastoid processes in the Tr. Gorilla^ are represented 

by only a uougli ridge in the Tr. niffcr. These ])rotuberances are 
cellular, and with a very thin outer layer of bone in the Tr. 
Gorilla. The loAver surface of the long tym])anic or auditory 
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|)rocess is smooth and flat, or slightly concave, in 7V', iw/rr^ and 
developes a slight tubercle anterior to the stylo-hyal pit: in the 
Tr. Gorilla the same process is more or less convex below, and 
developes a ridge, answering to the vaginal ])rocess, on the outer 
side ot* the carotid canal. The processes posterior and internal to 
the glenoid arti(ailar surface are better devehiped, especially the 
internal one in the 7V. Gorilla, iXxtxw in the Ti\iii(jer\ the ridge 
Avhich extends from the ecto-ptcrygoid along the inner border of the 
foramen ovale terminates* in Ti\ Gorilla by an angle or process 
answering to that called ^ styliform ’ or ^ S])ino«s ’ in Man, but of 
wliich there is no trace in the 7V. niger. 

The palate is narroAver in proportion to its length in the Tr, 

Gorilla, but the premaxillary 
portion is relatively longer in 
Tr. niger, dhvo anterior ])alatine 
foramina, one on eacli side the 
almost confluent inci>sive fora- 
mina, arc more constant and 
^)nspicu()iis in 7V. Goritlai the 
posteiior j)alatine foramina are 
nearer the j)ostcrior border of 
the bony palate in 7V. nigvt\ 
The pterygoid fossae arc relatively 
dcc])er and longer in 7V. niger, 
'The stronger zygomatic arches, 
Avith the more developed sagittal 
and lambdoidal crests, are adap- 
tive develo[nnents (jonconutant 
on the presence of larger (*a- 
niries and stronger mandilde in 
the (iorilla; but the larger ])voportioiuil molars and the smaller 
proportional incisors, the prominence of the nasal bones at 
their median line of coalescence, and the reap])caran(?e of the. 
prcinaxillaries upon the face above the nostril with their longer 
enduring sutures, constitute a series of diflerential characters of 
more iinportancc than such as are due to greater bulk or activity 
of muscles, and are inex])licablc by the operaiion of external in- 
fluences. 'Die basi-hyal, as in the Chimpanzee, is deeply excavated 
behind: the ccrato-hyals are obsolete: the tliyro-hyals long and 
nearly straight. Further characteristics of the skull of the highest 
known Quadnmianous siiecics Avill be shown in comparison with 
the cranial (fliaractcrs of the loAvest races of Man. 

C. Bojt.rs of the JAmhs, — In Qnadrumancs, as In (Jiiadrupcds, 
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l>()th pairs of lini1)s are concerned in support and loeonioliou ; but 
are made j)reliensilc in relation to an arboreal sphere of life by 
an op])OS»ble thumb-like condition of the innermost of tlie five 
digits, always conspicuous upon the liind-limbs, and, in most, upon 
the fore-limbs. Complete (davicles, and an elboAv- joint allowing 
])oth rotahu’y and^ 11 exile movements of hand and fore-arm, are 
present in all. 

The scapida of Cldronnja, lig. 51, dilfers from that of Rodenis, 
and resembles that of Lemurs, in tire pwportions of the ]>r(i- and 
• post- spinal fossa). The suhscapular surface docs not show the inter- 
muscular crista) which are usually so well marked in Rodents. 
The length of the acromion, a, is 6 lines ; that of the coracoid is 7 
lines : it is a simjde com|)resscd process. The glenoid cavity is a 
long oval, with the apex above and rather produced. The clavicle 
lias a double bend ujiward and outwaf*d, and a half twist on itself. 

The head of the humerus, 5;i, has a long-oval form, regiihirly 
convex, and surpassing in both breadth and lengtli those dimensions 
of the glenoid cavity. The great tiilicrosity jU’ojects on one side 
to the same height ; the small tiiheiusity is somewhat lower. A 
shar[) deltoid ridge extends from the fore part of the grisit tube- 
rosity halfway down the shaft. The sn])inator ci'cst begins below 
the middle of the shaft, near its back part, standing well out, and 
thence passes in an almost straight line to the ectocondyloid tube- 
rosity. The internal ridge projects from nearly the fore part (»f 
the distal fourth of the shaft, bridging over the hiimeral artery 
and median nerve on its way to tlic ciitocomlyloid tuberosity 
where it coalesces with a shorter and sluirt)er ridge, completing 
the epicondylold foramen. The inner tuberosity is nuudi more 
prominent than the outer one. The anconeal fossa is oblong, 
of moderate depth, and imperforate. The tiihercle for the radius 
forms nearly half of the fore ])art of the elbow-joint; the hack 
part is exclusively formed by the well-defined trochlear cavity 
for the ulna. The humerus reaches to the tenth rib, when bent 
Ujion the chest: and this proportion of length is characteristii; of 
most Liimuriden, 

The radius, 54, is of equal length Avith the hmneriis ; the head is 
nearly circular. The ulna, 55, is the longesthonc of the forc-lind) : 
it is compressed below the humeral joint, and gradually narrows 
to the ‘lower fifth of the shaft. 

The wrist-hones, nc., arc ten in nmnhcr, including a snp]dcmcntal 
sesamoid on the outer side of the sca}>ho-triipezial joint. The 
scaphoid is,tl*e longest, presenting its convex articular surface to 
the outer two tliirds of the radial concavity, and articulating Avlth 
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the liiiiarc, which completes the wrist-ball ; at its distal surface It 
joins the ^ intermedium,’ the trapeziuni, and the trapezia! sesamoid : 
the cuncifoi'm offers a cup for the hemispheric end of riie styloid 
process of the ulna and a flatter surface for the ])isiform ; this 
wrist-bone is lon^, and its articular surface is divided between the 
idnar process and the cuneiform. The interiiiedinm and cunei- 
form combine to form the cup for the ball common to the maiijnum 
and uncitbrm, of which the latter bone contributes the larger 
share. The intermediuifi articulates with the trapezoid. I'he 
distal scries of car])al bones have the usual relations to the 
metacarpals. Tlie tirst, second, fifth, and fourth mctacarpals, 57, 
progressively increase in length, with similar proportions as to 
thickness; but the middle metacarpal is double the length of the 
second, and suddenly contracts into a shaft more slender by half 
than tlui contiguous metacarpals. The phahinges of the same 
digit, II r., are filamentary, and su])])ort the hooked probe-like finger 
adapted for the extraction of the xylophagous larvie — the favourite 
food of the Aye-aye — from the canal in the wood which has been 
exposed by the scalprifoi’in incisors. 

The ilium, G2, is long and narrow, sliglitly expanded at botli 
ends : it articulates with the two first sac.ral vcrtol)ra>, just touching 
the second by a projection al)ove its middle. The iliac bones 
incline to the acctabula at an angle of 14(r with the lumbo- 
sacral axis. There is an elongate tuberosity above the acetabu- 
lum for the origin of the rectus femoris. The ischia, lia, aic, 
continued almost in a line with the ilia, the ])ostcrior contour 
describing a vei’y feeble curve concave batdvward ; the tul)crosilies 
are slightly everted: a small j»rojcction behind the lower ])art ol 
the acetabulum divides the great from the small ischiadic notches, 
both of which are very shalhnv. The obturator a acuities are 
large. The jmbic nones, (U, pass from the ai^etabuhi at almost a 
right angle with the ilio- ischial axis; tiny converge to a short 
symphysis. There is a slightly marked ilio-pectincal ])romi- 
nence. The femur, 05, has a straight shaft, one third longer 
than that of the humerus. The neck is short: the great tro- 
chanter rises to the height of the head, and at the outer and 
lower ])art is developed into a small tubende. '()p])osite to this 
the lesser trochanter projects from the inner side to a greater de- 
gree. Tlie orifice for the medidlary artery is at the back part, one 
fourth ot* the length from the head; the canal ascends. Tlic inner 
condyle is rather the huger. Tlie outer border of the rotular 
groove projects most. There is a sesamoid bone ( ^ fabella ’ ) in 
each origin of the gastrocnemius. The tibia, 60, is about two 
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shorter tliiin tlie femur, and soon contriicts ])el(>w the head 
to a compressed shaft, giving a long and narrow subelliptic section ; 
at tlie upper lialf it is very slightly bent, with the convexity 
forwai’d. A roughish siirfjxce is continued from the tul)en>sity 
nearly one third of the way down the fore and outer part of tlie 
sliaft. I'he orifice i)f the medullary canal is one fourth of tlie way 
down, just within the ])()sterior bonier; tlie canal slopes downward. 
The tibia is one fifth longer than the ulna. The fibula, r>:, touches 
the tibia only by the two extremities arriciilating with that bone, 
•leaving an interosseous space co-extensive with their shafts. The 
outer malleolus is shorter and thicker than the inner one. There 
is a sesamoid in the external lateral ligament of the knee -joint, at 
its insertion into the head of the fibula. 

The tarsal bones, tis, arc seven in number. The naviculare has 
its shalloAV conca\’ity for the astragalus su[)plemented liy the 
strong ligament arising from its ])osteri(>r and inferior margin, and 
inserted into the fore part of the inner malleolus; anteriorly it 
articulates with the three cuneiform bones, and externally at its 
fore [lart with the os culxiides: its depth exceeds its length. 
Tlie ealcaneum offers tAvo articular Ksurfaces to the astragal us, 
rather far apart; the lever jirojects moderately beyond the hinder 
surface, and is curved a litth; miward and iuAvard. The ento- 
cuneiform offers at the anterior half of its outer part a trochlear 
surface, concave in one direction, convex In tlie o|)positc, to 
the ])owerful hallux. The meso- and ccto-cuneirorm bones arc 
narrower, the outer one is of nearly equal length Avith the inner, 
the middle one being the shortest. The cuboid is large and 
long, Avitli the lower half of its calcaneal surface convex, the 
upper half concave, for an interlocking joint Avith that bone; 
it is grooved externally and beneath for the peroneus longiis, 
and, as usual, supports the two outer toes. Tlie base of the 
metatarsal of the hallux is broad, and its under border is pro- 
^luced into contact Avith that of the second metatarsal. The 
third metatarsal is a little longer than the second ; tlie fourth 
has nearly the same length, and so has the fiftli, na, hy reason of 
the backivard production of the outer angle of its base. The 
proximal phalamx of the fourth toe is the longest. Fig. 343 shoAvs 
how little the phalanges of ii~v differ in length or breadth. 

With the exception of the attenuated state of the thii'd digit 
of the fore-foot, the characters of the limb-bones of Chiromt/s 
are closely rcjieated in otlier Lemurida\ The Pottos {Perodk- 
tkus)^ how.ever, offer an anomaly, in the fore-hand, by the 
stunted |ihalaiigcs of the index digit ; and the iiollex is large and 
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opposable, fig. 343, b. The Galagos ( OMienns) anil the Spectres 
are, also, cxce])tional, by the excessive length of the calcanenm 
and navlculare in the hind-hand, whence the generic name Tar- 
sius given to the latter Lenmrs. In the relative length of the 
tarsus to tlie leg and to the rest of the foot ChirornyH most re- 
sembles Lichanotus and Froyithecus i it is Bather shorter than 
in Lrmur j)ropcr, being less than one third the length of the 
tibia, and only about one fourth the length of the whole foot. 
The scaphoid and calcatieLun are proportionately rather shorter 
than in Lemur 

In the Indri {Lkhauofus) the scapula is remarkable for tlie 
length and strength of its coracoid ])rocess. The humerus, as in 
(Unromys^ is perforated above the inner -condyle, but not between 
the condyles. U'lie interos.seous spaiie is consider- 
able between the long and slender radius and the 
Jiiorc slender ulna. 'Iho ilium has a strouij tuber- 
cular process above the acetabiiluin. The femur 
is so long as to e(pial in length seventeen vertc- 
bi-ic oi‘ the trunk, measured from the first dorsal 
backwards. The fore j)art of both the astragalus 
and calcanoum is unusually ])roduced. In the 
slender lieunir { Sfenojis the humerus is 

pei’forated above the inner condyle, and has a 
wide intercoudyloid vacuity. The iliac l>ones, fig. 
3()(), a, are long, slender, and extended almost in 
the same line with the sacrum. The pubic bones, 
h, c, join the ilia at a right angle, and arc in- 
iviviHof nioi^hii.ior dined to each other at an an<xle of 40'^: thev form 

Lj-umr. I 1 • nil • 

a very >sliort symphysis. I here is a small ossi- 
fied patella. The fei^iile devclo|:)nient of the vertebrae in the long 
lumbar region, the small sacrum, and contracted pelvis are points 
of resemblance with the Bat-tribe ; and, together with the long 
and slender bones of tlie extremities, relate to the slow movci 
ments of this climbing quadruped. 

In Lemur Catta I have found the pubic symphysis ossified; the 
ilium has an epicotyloid ridge. The coracoid and acromial pro- 
cesses of* the scapula are subequal. The Immd’us is perforated 
above the inner condyle. Two fabcllai are usually attached to 
the capsule of’ the knee-joint. The fourth digit is the longest 
on lioth limbs of* all Lemuridw. 

In Ilapale Jncchus the coracoid sends a short process backward. 

* The tavsal bones figuivd as those of Chinmujs in civ. ‘ Lcnnirs,’ ^A. v., belong to 
the Otolienus craysia^udiUtts, cn*. p. 35. 
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Hie humerus is not perforated either above or between the con- 
dyles. The ungual phalanges are compressed and falcate, and the 
pollcx is on a line with the rest of the digits of the fore-1 iinl), not 
opposed to them. In tlie hind-limb the ungual ])lia]anx of the 
hallux is depressed for the support of a nail, and it is opposed as 
a thumb to the other digits which have falcated ungual phalanges. 
Tlie ilium is long and narrow, with a sujiracotyloid ridge. In the 
Marmoset i^Caliithrlx sciureus)^ the pollcx is partially op|)osablc ; 
as it is also in Cebus, In a young U. atpucinm I have found the 
humerus perforated both betwceji the condyles and above the 
inner condyle. There are iabellse behind the knee-joint. A sesa- 
moid is wedged between the entocuneiform anrl metatarsal of the 
hallux. A pair of sesanv)ids are developed boncalh the ])roxinial 
joints of each of the toes, and a single sesamoid beneath tlie last 
joint of the hallux. • 

In the Spider-inonkoys (Atclcs) the long and large coracoid 
lias an angular tuberosity, vvliicli sometimes joins the anterior 
costa, so as to circumscribe the prescapular not(*h. 'Hie luimerus 
is not perforated either above or between thi^ eondylos. This 
l)one, and, still more, the radius and ulna, arc remarkable for their 
length and slenderness ; as are also the Inmes of the digits, with 
the exception of the pollcx, which is reduco<l to a rudiment of its 
metacar[)us, and is concealed beneath the skin in the recent 
animal. The femur, tibia, and libula are longer than in the 
other Platyrrhines, but the tibia is not attenuated in the same 
|)roportion. The inner border of the naviculare is much produced. 
Hie tluimb of the hind-foot is complete and well-developed. 'Fhe 
jirehensile tail compensates lor the loss of tlnit quality in the hand. 

In the Catarrhinc group the African Doucs ( Colohiis) repeat 
the abortive condition of the pollex ; Init in all the rest it is a true 
thumb, though smaller and weaker than that of the hind-hand. 

Ill tlie Baboons the coracoid shows an angular ridge, l)ut Jess 
developed than in the Capneins. Tu Maracua ncinestrlnn.H the 
short and liroad coracoid has an angular tuberosity. I liave ob- 
served an intcrcondyloid vacuity in this species ; but, as a rule, 
the humerus is imperforate at its distal end. The ^intermedium ’ 
is present in thc>carj)us of all Baboons, Macacques, and Doucs, 
as in the Gibbons and Orangs, fig. 361, h\ and there arc falielhe 
behind the knee-joint. In most there is an ossicle, ib. /, wedged 
between the scaphoid, a, and trapezium, r/, in the Avrist, and 
between the cuboid and fifth metatarsal in the ankle. The 
ischia expand into rough flattened tuberosities in all tliosc Catar- 
rhincs that have the corresponding dermal callosities. 
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In the Long-anned A\)(i^\Ht/Johat€s, fig. ISO) both acromion 
and coracoid arc largo, and nuich produced. The clavicles are of* 
unusual length, equalling the extent of the eleven anterior dorsal 
vertehne. The l)one.s of the arm and fore-arm are still more 
remarkable for their length and slenderness, as well as those of 
the fingers of the hand, the thuml) of ^vhicJi is comparatively 
short and slender. I'he femur is long and nearly straiglit. The 
tibia is slightly bent. The tliumb of the hind- foot is strong and 
well-developed, with two <i)halangos. 

Tlic great length of the pectoral limbs, and the provision made * 
for the extensive origin of some of their muscles by the breadth 
of the thorax and the size of the scapulie and clavicles, relate to 
the chief share which these limbs take in the rapid and character- 
istic locomotion of this s2)ccies, which swings itself thereby from 
branch to branch, with a force that propels the body through 
considerable distances. 

The Siamang offers the peculiarity of a common tegumentary 
sheath of the ])roximal ])halanges of the second and third digits 
of the hind-hand, whence the name {TJjjL s/jiulnctt/Jus). 

In the Orangs (Pifhncus) the clavicle is less curved than in 
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Man, and the distal end is less expanded. The scapula a])])roachcs, 
by its breadth, to the form of that of Man, but the acromion is 
narrow^er, longer, and more autrovorted. The humer.us, in some 
Orangs, shows a small perforation between tlie condyles. The 
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radius and ulna are remarkable for their length, and the extent 
of the interosseous space. The wrist, fig. 361, (consists of nine 
bones, as in the inferior Apes,-— resulting, as in them, from the 
presence of the intermedium, fi : the seai)h()id, «, and liimire, h, 
articulate with the radius ; the cuneiform, c, is attached by liga- 
ment to the styloid pnxjcss of the ulna ; the ^ sesamoid,’ /, is 
imbedded in the tendon of the abductor longiis pollieis. The 
mctacarpals have only half the breadth of the proximal phalanges 
at tlicir middle j)art. The ])halanges arc long, bent towards the 
palm, and expanded at their middle'. The l)oncs of the thigh and 
leg are disproportionately short : the articulation of the latter with 
the tarsus is adjusted to turn the sole obliquely inward. The 
liallux is dis])roportlonateIy short, and, in some Orangs, has but 
one phalanx. The bones of the othej* toes have great length, 
especially the metatarsals and proximal phalanges, which are bent 
toward the sole, indicating the habitual application of the foot in 
the act of gras[)ing and climbing. Tlie joint of the hind-limh is 
made as free as that of the fore-limb, by the absence of the inter- 
arlicnlar ^ligamentum teres.’ Tlie ealcanoum projeets but little 
beyond the astragalus, the tibial surface of which is inclined 
obliquely itnvard, so that the foot ])reseuts its outer edge to the 
ground, — a mode of articulation favouring its ])rehensile power. 

In the Chimpanzee, fig. 34d, the clavicle, 5 ?, is relatively 
shorter than in the Orang ; the sigmoid curvature is more marked, 
the sternal end is thicker, and the acromial end broader : the 
scapula is longer in proportion to its breadth, and the acromion is 
broader than in the Orang. The bones of the anterior extremity, 
esj)ceially those of the forc-ann, arc shorter than in the Orang. 
The humerus, 53, is imperforate at its distal cud ; it is shorter 
and slronger than the Orang; both tuberosities are more deve- 
loped, especially the inner one, and the bicipital groove is deeper: 
the antero-internal surface, hounded outwardly by the deltoidal 
ridge, is flatter than in the Orang: the supinator ridge commences 
above the middle of the shaft. The trochlear prominence of the 
distal articulation is more developed, and the canal which sey^a- 
vatos it from the ball for the radius is both deeper and wider. 
The radius, 54, is shorter in proportion to its breadth, and pre- 
sents a more marked sigmoid curvature ; the borders of the 
circular y^roximal end are more y)roduced ; the trihedral character 
of the distal half is better marked. Tlie distal end is more sud- 
denly expanded, and the grooves for the extensor tendons are 
deeper and btjtter defined. The ulna, 55, differs from that in the 
Oran^ in the; y)roportion of its length and thickness. The outer 
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or ulnar division of the great sigmoid cavity is less developed than 
in^the Orang, and its margin is more extensively interrupted at 
its middle part: the radial division of the same cavity extends 
more nearly to the bac^k part of the olecranon. The lesser sigmoid 
cavity is more nearly semicircular than in the Orang. The ridge 
continued a short Avay downward from the inner and ulnar angle 
of the great sigmoid cavity is sharply defined, but the fossa winch 
it bounds is much less deep than in the Orang. The interosseous 
ridge is not marked, the bone being there rounded off in llie 
Chimpanzee. The styloid process is better developed than in thti 
Orang. The carpus consists of eight bones, as in Man. The 
thumb, 1, is relatively longer and stronger than in the Orang. 
Tlie pelvis is longer in proportion fro its breadth than in the 
Orang. The tuberosities^ of the ischia are expanded, fiattened, 
and bent outward, as in the Orang, The ex])anded part of the 
ilium, 62, is sliglitly concave anteriorly, but in the Orang it is 
plane. The spine of the ischium is parallel transversely with the 
middle of the obturator foramen, but in the Orang it is parallel 
with the upper border of that foramen. The ilio-ischial angle is 
165°. The ischio-pubic symphysis is longer than in the Orang : 
but retains its longitudinal parallelism with the sacro-luml)ar 
series of vertebrie. The posterior Avail of the acetabulum is still 
the deepest. The bones of the hind extremity are relatively 
longer and stronger, especially the femur, than in the Orang; but 
tlie most marked distinction between the two great anthropoid 
Apes is seen in the length and strength of the hallux, /, in the 
Chimpanzee. The articulation of the tarsus Avith the leg still, 
hoAvever, favours the oblique position of the foot, and adapts it 
for grasj)ing. The femur, 65 , sIioavs the pit upon its head for the 
ligamentum teres : both trochanters are relatively larger than in 
the Orang : the neck is longer, thicker in proportion to the head, 
and passes off at a less obtuse angle with the shaft. The shaft 
is slightly bent forward ; it is not straight; the condyles are marc 
expanded, especially the inner one. 

In the Gorilla, fig. 346, the scapula is broader than in the 
Chimpanzee, but differs from that of Man in the more oblique 
course of the spine, Avhieh gives greater extent to the superior 
costa ; in the greater length and breadth of tlie coracoid, 52 ; in 
the straightness of the inferior costa ; and in the greater con- 
A'cxity of the base> especially as it approaches the lower angle : 
the plane of the glenoid cavity is less parallel Avith the base than 
in Man, it looks more obliquely upAvard ; the suprascapular notch 
is not defined. • 
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The clavicle, 58 , is thicker than that in Man, with a subtrihcdnil 
shaft and the sigmoid flexure less marked ; the sternal articular sur- 
iace is less oblong ; the acromial end is broader and flatter below. 

The humerus, 53 , though surj)assing in length that of ]\Ian, 
fig. 183, 53, is thicker and stronger in all its ridges and processes; 
especially at the kwer extremity, the transverse diameter of 
which surpasses that of the upper extremity of the bone in a 
greater degree than in Man : botlv tuberosities are relatively 
greater, the ‘ lesser ’ one more especially. Immediately above 
fho, distal articular surface are two •depressions divided by a ridge 
continued to the prominence between the radial and ulnar arti- 
culations; the outer or radial depression is the smaller and shal- 
lower, the inner or ulmrr one is larger : it answers to the 
‘ coronoid fossa ’ in Man, but becomes a foramen in full-grown 
(jorillas, by absorption of the thin plate of l)one dividiiig it from 
the anconeal fossa behind. The cctocondyloid proinineiice is 
more marked than in Man: the entocoiidyloid one is more pro- 
duced, is angular, and compressed. The l>ack part of the humerus 
shows, as in Man, the musculo-s])iral tract dividing the ridges 
I’or the external and internal heads of the ‘ triceps extensor.’ 
The configuration of the lower articular surface is closely similar 
to that in Man; the whole surface extends a little further below 
the condyloid prominences, allowing to that extent a more free 
swec]) of the forc-arm in flexion and extension, and adding power 
to the leverage of the tendons inserted into tlie antibrachial bones. 

The medullary artery enters the fore part of the shaft, but 
nearer the middle of the bone in the Gorilla than in Man : in 
both the course of the canal is towards the elbow-joint. The 
head of the radius, 54 , has an ellii)tical contour : the shaft bends 
outward so as to leave a wider interosseous space than in Man. 
The neck expands to the tuberosity which shows an oblong rough 
prominence for the insertion of the tendon of the biceps, beliind 
o« ^ ulnad ’ of the smoother prominence supporting the bursa 
interposed between it and the tendon. Below the tuberosity the 
shaft assumes a pyriform transverse section through the develope- 
ment of the interosseous ridge, which extends to near the ^ sig- 
moid cavity.’ The styloid process is represented by a ])rominence 
which gives a larger surface than in Man for the insertion of the 
tendon of the ^ supinator longus.’ It is not impressed, behind or 
externally, so deeply by the two grooves for the extensor muscles 
of the metacarpal and first phalangeal bones of the thumb : a still 
stronger tuberosity divides the fossa for the radial extensors of 
the wrist, from the wider and deeper one for the -strong tendons 
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of the extensor communis digitorum. The semicii’cuhir depression 
for the lower end of the ulna is well marked : the distal articular 
surface is divided, as in Man, by two concave facets, the larger 
one for the os scaphoides, the lesser for the os lunare: the anterior 
border of the latter is much produced, giving a greater propor- 
tional antero-postorior extent to the Munar’ surface tlian in Man. 
The orifice for the ' arteria incdullaris ^ is situated as in Man, 
and the direction of the canal is ‘ proximad ’ or towards the elbow- 
joint.* ihe sluift of the ulna, 50 , presents two slight opposite 
curves, the upper one concaVe, the lower one convex, on 
ulnar or inner aspect. Viewed sideways the whole bone has a 
slight bend convex backward. The lower half of the shaft 
becomes subcyJiudrical as it deKScends. * TJie ridge, commencing 
below the lesser sigmoid ^cavity, is strongly marked and more 
vertical than in Man. Tlie distal end of the ulna suddenly ex- 
])ands into a convex renifonu articular surface, thickest at the 
middle, where it plays upon the lateral concavity of the radius. 
The difference from the Chimpanzee, most significant of their 
relative position in tlic Quadrumanous scries, ])rescnted by the 
antibrachium of the Gorilla, is its inferiority of length compared 
with the humerus ; fig. 346, with figs. 345 and 180. 

Tlic bones of the wrist, 56 , agree in nninber and relative j)osition 
with tliose of Man ; but the differences of sluipe and proportion 
give a greater breadth to the carpal segment in proportion to its 
length, in the (Torilla. Ihc radial surface is nearly circular in 
sha[)e, instead of being oval and oblong as in Man. The pisi- 
forme of tlie Gorilla is much longer in pro|)ortion to its breadth 
than in^ Man ; whilst the articular surface for the cuneiforme 
is but little larger; its superior length gives stronger leverage 
to the great ulnar flexor of the wrist. The traj>ezium of the 
Gorilla differs most from its homologue in Man, by the production 
of its outer unarticular surface into two diverging tuberous pro- 
cesses ; the articular surface, moreover, for the metacarpal of the 
thumb is relatively much smaller than in Man, This meta- 
carpal, 57, is a little longer than in Man, but not quite so broad; 
the proximal trochlea is more concave vertically and more convex 
transversely, and the distal surface is more convex. The proximal 
phalanx is one fifth longer, and is more slender than in Man. 
The metacarpal s of tlie other fingers are more than one third 
larger and longer than in Man, their shaft is more bent; the 

» rt may be noted that the hair covering the arm and fore.arm.has a direction 
corresponuing with that of the medullary aiteries of the brachial and antibrachial 
bones. 
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tuberosities beneath the proximal articular surfaces are better 
developed. The proximal phalanges difter not only in their 
greatly superior size, but in the deep excavation of their under 
or anterior surface, which is bounded l)y rough lateral ridges; 
they are also moi’c flattened and rather more bent. The distal 
])lialanges of the aiftcrior extremity are longer, more slender, and 
less expanded at their rough terminations. 

Each os innominatum in the adult male Gorilla, 62, is one foot 
three inches in length, that of Man being seven inches and a half: 
the* breadth of the ilium is eight mehes and a half, that of Man 
being six inches. The ilium is less concave, of a more triangular 
figure, the anterior border being much longer and straigliter. The 
more elongated and narrow^er form of the sacral surface corresponds 
with wdiat has been noticed in the sacivim : the posteidor angle or 
sj)ine of the ilium is above that surface, not behind it as in Man : 
the distance between the antero-superior and antero-inferior spines 
is much greater in the Gorilla: the antero-inferior spine is situated, 
as in Man, just above the acetabulum. The upP^^* ischiatic notch 
is much less deep than in Man, and there is a very feeble rudiment 
of the tuberosity dividing it from the lower notch. The aceta- 
bulum is not much larger than that of Man: the posterior is 
dcei)er than the upper wall, providing for resistaiu'e to the femur 
in a scini-flexed rather than in an erect position. The ischium 
extends, as in tlie Chim])anzee, far below the acetabulum, where 
it forms a strong subtrihcdral column, terminating in a large 
flattened out^vardly bent tuberosity, the as])ect of which is wholly 
doAvuward, not backward, as in Man : the united plates of the 
ischium and pubes, bounding the obturator foramen internally, 
are (ionsiderably broader tlian in Man. The plane of the ilium is 
tAvisted almost at right angles Avith that of the ischium and pubes. 

The femur, 65 , is shorter than in Man, and much shorter in 
lu'oportion to the breadth of the shaft ; the head is more relieved 
frf)m the neck, and shoAvs a less deep depression for the ligamentum 
teres ; the neck is less oblique than in Man ; the great trochanter 
rises to a level with the upper border of the head ; the small tro- 
chanter is less propinent, but has a larger base than in Man, and 
is more remote from the great trochanter. The linea asj)cra is 
less developed, and the back part of the lower half of the shaft is 
flat and smooth : the inner angle of the popliteal space presents a 
well-marked rough depression, Avhicli is not present in the Human 
femur, and the shaft more gradually expands to the condyles. 
The outer articular condyle is narroAver than the inner one, the 
rever-se being the case in Man : the inner condy?c is not longer 
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than the outer one, as in Man. The rotular surface is slial lower, 
the lateral borders are better defined : the medullary artery enters 
the middle of the back part of the shaft, and the course of the 
canal is proximad or upward. 

The length of the tibia is one foot six lines, and its shaft is 
as thick as in Man, and expands more gradually to the distal end: 
the conformation of the proximal surface is similar to that in Man 
the spine is rather stronger, and an anterior spine or tuberosity is 
more distinctly developed. The internal tuberosity in front of the 
fibular one is better defined; the interosseous ridge is very feebly 
marked in the Grorilla, and the anterior ridge of tlic shaft is mucli 
less marked than in Man, The astragal ar surface is more undu- 
lating, less concave, and more directly con tin ned upon the internal 
malleolus : the side of tlui distal end next tlie fibula, instead of 
being concave, forms an angular projection. Tlie fibula is stronger 
in proportion to its length than in Man; the lower articular 
surface of the fibula is flatter, and divided into two facets more 
distinctly, than in Man. 

The astragalus of the Gorilla equals in size that of Man, 
but is broader in proportion to its length: the surface for the 
tibia is less defined, especially from the inner facet, which in the 
Gorilla is almost horizontal and appears as a concave itiner termi- 
nation of the upper surface. The anterior surface is more convex, 
especially vertically, and more directly continued into the anterior 
calcaneal surface. The inner tuberosity is larger and more ad- 
vanced ; the Gorilla differs from the Chimpanzee in the greater 
size of this jwoccss, and in the greater jwoportional size of the 
scaphoid convexity, in which respect its astragalus more resembles 
that of Man. Tlie calcancum of the Gorilla is a longer and more 
slender bone tluin in Man, which is chiefly due to the greater 
length and slenderness of the posterior or calcaneal process. The 
lower surface of the bone is smoother, narrower, and more concave 
longitudinally : the groove for the flexor tendons beneath the iniTer 
astragalar surface is wider and better defined : that astra<ralar 
surface is broader in proi)ortion to its length, and there is a deej) 
longitudinal groove on the. outer side below t]ic outer astragalar 
surface, which does not exist in Man. The anterior cuboldal sur- 
face is i)laced further from the outer side of the bone, than in 
Man ; the outer side forming a rough convex j^rotuberance at its 
anterior half. The naviculare is one third larger than in Man, the 
increase being in its transverse extent, and due to the greater 
development of the rough convex protuberance at the inner end of 
the bone. The entocuneiform has an equal vertical, but a minor 
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lonj^itudinal, extent than in Man, and chiefly differs in the con- 
vexity of the articulation for the hallux, which articular surface in 
Man is nearly flat : this difference is very significative of the dif- 
ferent function of the hallux in the two species ; the chief fulcrum 
of the foot requiring a firm articulation in Man, but in the Gorilla 
great extent of motion for the functions of an opposable grasi)ing 
tiiuinb. The metatarsal of the hallux is fully as large as that in Man; 
it differs in the deeper concavity of the proximal articular surface, 
ami in the more prominent convexity hf the distal one. The 
proximal phalanx of the liallux aho equals that of Man in size ; 
the borders of its proximal concavity are less neatly defined. The 
ungual phalanx is somewhat less than that of Man, cs]^ecially in 
its terminal rough tuberosity ; it is concave bclow’^ instead of being 
convex. The remaining metatarsals of the foot are much longer 
and stronger tlian in Man ; the upper border is more bent. The 
first and second phalanges arc larger aTid more; bent. The ungual 
phalanges arc longer and narrower in proportion tlian in AFan. 

In all the characters by which the bones of the foot of the Go- 
rilla dcjiart from the Human type, those of the Chimpanzee recede 
in a greater degree, the foot being in that smaller ape better 
adapted foi* grasping and climbing, and less for occasional upright 
posture and motion upon the hnver limbs. The lever of the heel 
is relatively shorter and more slender ; the hallux has still more 
slender proportions, and the whole foot is narroAver in proportion 
to its length, more curved towards the planta, and more inverted 
in the Chimpanzee. 

On a retrospect of the skeletons of the latisternal tailless 
Catarrhincs, it may be observed that no Orang, Chimpanzee, or 
Gibbon has mastoid processes ; they are present in the Gorilla, 
but smaller than in Man. In the Chimpanzee, as in the Orangs, 
Gibbous, and inferior Sinrtxp, tlie lower surface of the long 
tympanic or auditory process is more or less flat and smooth, 
(icveloping in the Chimpanzee only a slight tubercle, anterior to 
the stylo-hyal pit. In the Gorilla the auditory process is more 
or less convex beloAV, and dcvelopes a ridge, answering to the 
vaginal process, on the outer side of the carotid canal. The 
processes posterior and internal to the glenoid articular surface, 
especially the internal one, arc better developed in the Gorilla 
than in the Chimpanzee ; the ridge Avhich extends from the 
ectopterygoid along the inner border of the foramen ovale ter- 
minates in the (lorilla by an angle or process ansAvering to that 
called ^ styhform ’ or ^ spinous ’ in Man, l)ut of Avhich there is no 
traqc in the. Chimpanzee, Orang, or Gibbon. • 
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The orbits have a full oval form in the Orang ; they are almost 
circular in the Chimpanzee and Sianiang, more nearly circular, and 
with a more prominent rim, in the smaller Gibbons ; in the Gorilla 
alone do they present the form whicli used to be deemed peculiar 
to Man. The occipital foramen is nearer the back part of the 
cranium, and its plane is more sloping, less horizontal in the 
Siamang than in the Chimpanzee and Gorilla. Considering the less 
relative prominence of the fore part of the jaws in the Siamang, 
as compared with the Chimpanzee, the occi])ital character of that 
Gibbon and of other species of ^Ifylobatea miirlm well their inferioi^ 
position in the qujidrumanous scale. The characteristics of the 
limbs in Man arc their near equality of length, but the lower limbs 
arc the longest. The arms in Man rcath to below the middle of 
the thigh ; in the Gorilla, fig. 346, they nearly attain the knee ; in 
the Chimpanzee, fig, 345, tliey reach below the knee ; in the Orang 
they reach the ankle ; in the Siamang, tig. 180, they reach the sole : 
in most Gibbons the whole palm can be applied to the ground with- 
out the trunk being bent forward beyond its naturally inclined 
position oil the legs. These gradational difterences coincide with 
other characters determining the relative proximity of the Apes 
compared with Man. 

In the Gorilla, the humerus, though less long compared with 
the ulna than in Man, is longer than in the Chimpanzee ; in the 
Orang it is shorter than the ulna; in the Siamang and other 
Gibbons it is much shorter. The peculiar length of arm in those 
^ long-armed apes ’ is chiefly due to the excessive length of the 
antebrachial hones. 

The difference in the length of the upper limbs, as compared 
with the trunk, is but little betwa^en Man and the Gorilla, The 
elbow -joint in the Gorilla, as tlicarm hangs downi, is opposite the 
‘ labrum ilii,’ the wrist opposite the ^ tuber iscdiil ; ’ it is rather 
low^cr dowm in the Chimjianzec ; is opposite the knee-joint in the 
Orang ; and opposite the ankle-joint in the Siamang. The iliac 
bones arc not so broad in proportion to their length In any a])e as 
in the Gorilla. In the Orang they are flat, or present a concavity 
rather at the back than at the fore part. In the Siamang they arc 
not only flat, but arc narrow^cr and longer, resembling the iliac 
bones of tailed monkeys and ordinary quadrupeds. 

The lower limbs, though characteristically short in the {jorilla, 
are longer in proportion to the upper limbs, and also to the entire 
trunk, than in the Chimpanzee: they are much longer in both pro- 
portions and more robust than in the Orangsor Gibbous. But the 
guiding points of comparison here arc the heel and. the hallux. 
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The heel in the Gorilla makes a more deckled backward projection 
than in tlic Chimpanzee ; the hcelbone is relatively thicker, deeper, 
more expanded vertically at its hind end, besides being ftilly as 
long as in the Chimpanzee. Among all the tailless Apes the cal- 
caneum in the Siamang and other Gibbons least resembles in its 
shape or proportional size that of Man. Although the foot be 
articulated to the leg with a slight inversion of the sole it is more 
nearly plantigrade in tlie Gorilla than in the Chimpanzee. The 
Orang departs far, and the Gibbons farther, from the Ilumaii type 
in the inverted position of the f«ot. The great toe which forms 
the fulcrum in standing or walking is perhaps the most charac- 
teristic peculiarity in the Human structure; it is that modification 
which differentiates thtf foot from the hand, and gives the cha- 
racter to his order {Bimmia). In the degree of its a]:)j)roach to 
this dcvelopemeiit of the hallux the quadrumanous animal makes a 
true step in affinity to Man. Tlie Orang-utan and the Siamang, 
tried by this test, descend far and 362 


abruptly below the Chimpanzee 
and Gorilla in the scale. In 
the Orang the hallux docs not 
reach to the end of the mctacari)al 
of the second toe ; in the Chim- 
panzee and Gorilla it reaches to 
the end of the first phalanx of 
the seciond toe : but in the Gorilla 
the hallux is thicker and stronger 
than in the Chimpanzee. In both, 
however, it is a true thumb by 
j)osition, diverging from tlie other 
toes, in the Gorilla, at an angle of 
fiO degrees from the axis of the 
foot. 

§ 191. Skeleton of Biniana . — 
The parts of the bony frame of 
Man, fig, 183, are co-ordinated 
I’or station and locomotion on and 
by the pelvic limbs, which sus- 
tain the trunk erect, and liberate 
the pectoral, moav the upper limbs, 
for other uses. 



A, Vertehrul Column , — This is disposed in an undulating series 
of opposite curves, fig. 362 ; back^vard in the chest and sacrum, 
fojrward ip the loins and neck. The vertebne. which rest on the 
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base of the broad sacral wedge gradually decrease in size to the 
third cervical. In regard to breadth, they decrease to the fourtli 
dorsal, then increase to the first dorsal, and again decrease to the 
second cervical. A soft clastic cushion of ^ intervertebral ’ sub- 
stance lies between the bodies of the vertebrae. The distribu- 
tion and libration of the trunk, with the sn})era(l(led weight of the 
head and arms, are favoured by these gentle curves, and the 
shock in leaping is broken and diftused by the numerous elastic 
intervertebral joints. Th6 expansion of the cranium behind, and 
the shortening of the face in front, give a globc-liko form to the 
skull, wdiich is poised by a pair of condyles, advanced to near the 
middle of its base upon the cups of tlie atlas ; so that there is but 
a slight tendency to incline forward when the balancing action of 
the muscles ceases, as when the head nods during sleep in an 
upright posture. The free or ^ true ’ vertobra) are c 7, o 12, b 5. 
Hie metajiophysis becomes distinct in the eleventli and well- 
developed in the twelfth dorsal, in which the anapophyses are 
recognisable, and the diapophyscs reduced to tubercles without 
an articular facet. The neural spines increase in length and 

inclination ‘sacrad’ (downward in 
Man, baekw^ard in brutes) from the 
fourth to the tweli’th dorsal, and in 
length and direction ^ dorsad ’ from 
the fourth dorsal to the last cervi- 
cal : they all have tuberous termi- 
nations. 

The dorsal series of tAvclve vertc- 
brie, wdtli all their elements, consti- 
tute the ‘ thorax ’ in anthropotomy, 
fig. 3fi3, the parts of the much deve- 
loped luemal arches, not ainhylosed 
like those of the neural arches with 
the centrum, being reckoned as* 
distinct bones. The plcurapophyses 
are termed ‘ costas ’ or ribs, the 
haema])Opliyscs ^ costal cartilages ’ 
being rarely ossified: as many of 
the lupmal spines as may be ossified 
are called ^ sternum.’ The first and 
largest, which longest retains its 
individuality, is the ^ manubrium,’ 
fig. 364, & 1 : it receives the cartilages of the first jiair, a^ad paiii of 
those of the second pair of‘ ribs. The four succeeding ^sterneber^,’ 
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ib. s, Sy coalesce to form the gladiolus ’ or " l)ody ’ of the 
sternum : the sixth piece, which commonly remains distinct, is the 
‘ xiphoid appendage, .r.’ The parts of the stcrniini are usually 
developed each from a single centre, as at ft, i, 2 , 3 , 4 : but occa- 
sionally, and usually the lower ones, are developed from a pair of 
centres, 1 , 3, 4, as in the 
broader breast-bone of the 
Gorilla and Orang : a fissure 
or foramen may persist as 
an anomaly, fig. vl64, r/, 
but the union of the pairs 
transversely usually precedes 
that in a longitudinal direc- 
tion. In fig. 364, a rc])rc- 
sents the primordial cartilages 
of the dorsal luemapoidiyses 
and spines ; ib., ft ami c, 
varieties in the ossific nuclei. 

Occasionally ap^iir of tuber- 
cles, ib. indicate epister- 
nal rudiments.^ The secojid to the seventh pairs of costal cartilages 
articulate with the sternal body : the second betwceii it. and the 
matiubi-ium : the seventh between it and the xijAoid appendage ; 
the first to the maniibrinm exclusively. The ril>s which thus join 
the sternum are called ‘ true 
the five remaining pairs ‘ fiilse,’ 
and of these the last two arc 
‘ fioating ’ ribs. The j)ropor- 
tioiis of the dorsal pleurapo- 
physes, or bony ribs, aiid 
their degrees of curvature, 
are shown in fig. 363, in their 
position after deep expiration. 

In each is distingiilslied the 
^ head,’ fig. 365, c, the ‘ neck,’ 
fy the ^ tubcrclf,’ and thc^ shaft,’ the part of the curve marked 
h being called the ^angler’ d is the * sternal,’ or rather luemapo- 
])hyaial end to which the shaft usually slightly expands. The first 
and last three ribs have a single articular surface on the head : in 
the rest it is divided into two facets. The tubercular articular 
surface is wanting in the last two pains. When the pleiirapophj scs 
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of the last cervical or first lumbar vcrtebrse happen to be elongated 
and free, they are added to the numbers of ^ pairs of ribs ’ in an- 
thropotomical computation. 

As a rule, the coalesced plcurapopliyses make long ^ transverse 
processes’ in tlie lumbar vertebne ; in the first of which, as com- 
pared with the last dorsal, the centrum is much , increased in size, 
and the neural spine in extent. The metapophysial tubercles are 
also enlarged, but do not project so freely, by reason of the ex- 
tension of the articular Surfaces of the anterior zygapophyses 
upon the inner sides of their baee. The atiapophysial tubercles 
are still distinct. The second lumbar vertebra chiefly differs 
from the first by a slight increase in the size of the centrum 
and in the length of the diapojihysis. • The anterior zyga])o- 
physes are larger and look more directly inwards. Both meta}) 0 - 
physial and anapophysial tubercles are distinct. The backward 
production of the posterior zygapophyses occasioning the deep 
posterior emargination of the neural arch is a characteristic dis- 
tinction of the Ilumari lumbar vertebra). . Both metapophysial 
and anapophysial tubercles continue distinct on the third lumbar 
vertebra. The body of the fourth lumbar vertebra, though much 
broaden, is not longer than that of its homologue, the third lumbar, 
in the Chimpair/ce. It likewise shows a marked diminution in the 
antero-posterior extent of the neural arch, occasioned principally 
by a diminished length and increased breadth of the posterior 
zygapophysis. The anapophysial tubercles arc distinctly deve- 
loped. The fifth lumbar vertebra is characterized not only by its 
superior size, but by the great transverse expansion of the hinder 
part of the neural arch concomitant upon the superior develo])- 
ment and outward expansion of the posterior zygapophyses. The 
diapophyses and neural spine are shortened: the anapoj)hyses 
a})pear like a part of the upper border of the base of the dia[) 0 - 
physis pinched up and produced backwards. The metapophysial 
tubercles are separated by a groove from the anterior zygapo- * 
physes. 

The sacrum, fig. 366, consists of five anchylosed vertebra?. 
They differ from those of the Gorilla by their greater breadth 
and by their anterior concavity both lengtliAvise and transversely. 
The anterior nervous foramina, 5, are relatively much larger,: the 
spinous processes are shorter and thicker. The coalesced plcura- 
pophyses, ply />, of the two anterior sacrals chiefly form the sacro- 
iliac joint. The neural arch of the last two sacral vertcbric, r/, 
c, is incomplete. 

The first coccygeal vertebra, ib. c, c, is less flattened and is 
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sliorter than in the Chimpanzee : the nciirapophyscs, />, are longer, 
the diapophyses, c, are shorter : the terminal coalesced vertebrie, 
c, (ly reduced to tlicir ‘ centrums.’ Each of the three upper 

3G(> 
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Aulcrlor surf.'ioo ainl base of Iiaiiian s/uTum, Corrvx. (.'v. 


sacral vertebrae are developed from five jnnmary nuclei, one, fig. 
367, a, for the centrum, a pair for the neurapophyses, and a .second 
])air, i, for tlie pleurapopliyses : the accessory osskieations fonn, 
as epiphyses, tlic ai’ticular 
surfaces of the centrums. 

In tlie fourth and fifth 
sacrals the transverse pro- 
cesses are exogenously 
developed. 

The spines of the six 
lower cervical s are short 
and bifurcate. Asa rule, 
tlie vertebrarterial canal is 
•completed in the seventh 
as In the other cervicals. 

In the atlas there is a tubercle from the hypapophysis repre- 
senting the body, aiid a rough surface on the neural arch in 
place of a spine. The vertebral artery perforates the transverse 
process leiigtliwisc, and afterwards grooves the neural arch 
behintl the produced angles of the anterior zygapophysis. The 
body is longer and deeper in proportion to its breadth than in 
the Gorilla. The surface for the odontoid is more nearly 
circular and better defined. The cavities for the condyles arc 
relatively jarger, deeper, with their margins mor/3 produced. The 
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arteriaf foramina are relatively larger and the posterior zygapo- 
physcs are relatively much larger than in the Chimpanzee and 
Gorilla. 

These differences chiefly relate to the more secure articulation 
and support of the vertically sustained head in the Human species, 
and to the larger size of the cerebral organ in ])art nourished 
by the vertebral arteries. The development of the zygapo- 
physes gives a greater antero-posterior extent to those parts of 
the atlas, and the transvcilse processes are thicker in proportion 
to their length. ^ 

The foregoing observations on individual vertebrie are drawn 
from an examination of the vertebne of a male Australian. 

15, ShiilL Taking the lowest form of Human skull that has 
come under my observation, figs. 368-370, the difference ia 
great and abrupt from that of the highest Ape, in the superior 
capacity of the cranium and small size of the face. On a com- 
parison of a front view, fig. 368, with fig. 358, the cranial dome 
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Front. 


Cr.infiiin of a iiativo Australian, xi.iv.* 


Haso. 




forms the background for all the parts of the skull above the 
zygomata. The frame of the orbits is not produced clear of the. 
dome, so as to project beyond it. I1ic malars and contiguous 
jiarts of the niaxillaries have, relatively, much less depth. The 
nasals are arched transversely. The bony nostril is larger and 
liigher in position, rising to behveen the orbits'* The alveolar 
border is arched transversely, and the curve is not interrupted by 
excessive expansion of the socket of any single tooth. On" com- 
paring the side views, fig. 369, with fig. 357, the larger cranium 
of the savage is still more conspicuous ; the expansion is not only 
upward and lateral, but backward and downward, bringing the 

* ‘ Vol. II. p. 823, no. 530-1, 
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floor of the cavity to the level of the lower teeth, .when tKe man- 
dibular ramus rests on a horizontal plane. The supranasal ridge is 
not so produced as in the Goplla. The zygomatic arch is shorter 
and more slender; the mandible sliows both the angle and the 
^ meiitum/ instead of being rounded olf at both ends as in the 
Oorllla. But the, most important differences are brought out in 
the base-views, figs. 370 and 359. In the lowest as in the high- 
est Human race, tlie foramen magnum is placed nearer the centre 
ol* the base of the skull, the anterior efid of the condyles reach- 
ing the transverse line which equally bisects the base. The con- 
dyles are relatively larger. The mastoids are developed into ])ro- 
cesses of the size and form whicdi gave rise to tlie name. T e 
zygojuatic arches are in the anterior half of this view of the skull, 
but are op])osite the middle third in the Gorilla. The stylo-hyals 
are anchylosed, and arc supported anteriorly by a ridge from the 
tympanic called the ‘ vaginal j)rocess.’ The eiistachian ])rocess ol 
the petrosal is shorter. A shoi’t styliform process is devt oped 
from the lower and outer angle of the alisphenoid. The glenoid 
cavity I’or the mandibular condyle is deeper, and is formed behind 
by tlie lynqianic. Inhere is also a low j)ostglonoid prominence. 
The bony palate is much shorter, but is projiortionally decjior 
and broader, and the teeth are arranged in a full somielliptic con- 
tour without any natural intei’spacc, the crowns being of equal 
length. In the Gorilla the alveoli of the molars and canine 
of one side are in a straight line, parallel with those of the other 
side. 

As a general rule the form of the 
Human cranium, seen from above, 
fig. 371, is a full oval, with the 
small end forwai’d, and the largest 
diameter across the ^ parietal emi- 
nences,’ fig. 375, r. The bones seen 
*in fig. 371 are the supcroccipital, o, 
tlie parictals, r, and the frontal, F ; 
the sutures are the ^ lambdoid,’ r, 
the ‘ sagittal,’ h, and ‘ coronal,’ a. 

In fig. 372, o^narks the expanded 
and outwardly convex supcroccipital, 
articulated by the ^ lambdoid’ suture, 
c,with the j)arictal, and by the ^mast- 
occipital ’ suture with the mastoid : 
g marks the poster-inferior angle of the parietal, p, which unites 
by^ the ^ ipast-occipital ’ suture with the ma&toid : this angle 
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is impressed on the inner side by the lateral sinus; e is the 
^ squamous ’ and a the * coronal ’ suture. The frontal, f, is 
joined by the ‘ external angular process/ to the malar, which, 
with the alisphenoid, divides the orbital from the temporal fossa. 

The alisphenoid, and co- 
articulatecK portion of ])a- 
rietal, f, divide by a broader 
tract the frontal, F, from the 
temporal, T, as compared 
with the Australian. In ' 
more intellectual races the 
cranial cavity is relatively 
larger, especially loftier and 
wider. The fore-parts of the 
upper and lower jaws, con- 
comitantly with earlier wean- 
ing, are less produced, and 
the contour descends more 
vertically from the longer 
and more ])rominent nasals. 
The ascending ramus of the 

Skull <if a tcll formed Europcaii. liiaildible, K, is loftici*. TllC 

malar, is less protube- 
rant, and the mastoid, m, more so. 

The vertical longitudinal section, fig. 373 , of a Avell-formed 
European skull, best exemplifies, in comparison Avith fig. 395, the 
characteristic proportion of the human cranial c/avity. The basi- 
occipital, 1, coalesces Avith the basisphenoid, 5, and this Avith the 
presphenoid, such base of the cranium rising as it adA ances. The 
chief part of the foramen magnum is formed by the exoccipitals, 2 ; 
the plane of the foramen looks doAviward, with a slight inclination 
forAvard. The superoccipital, 3, is expanded and bulged outAvard 
by the cerebellum and posterior cerebral lobes. The petrosal r 
perforated by the foramen auditorium internum, is Ui; between 
this and the alisphenoid, 6, is the squamosal ; they contribute but 
small proportions to the cranial Avails, Avhich arc chiefly due to the 
expanded neural spines called ^parietal,’ 7, and ^frontal,’ ii, Avith 
the above-mentioned superoccipital, 3 : u is between the ^ orbito- 
sphenoid ’ (Messer ala of the sphenoid,’ in anthropotomy) and the 
coalesced ^prefrontals ’(‘ perpendicular plate of the ethmoid ’with the 
^ crista galli,’ ib.). The rhinencephalic fossa is shallow, ill-defined, 
relatively small, and floored by the ^cribriform plates.’ In the 
nasal cavity the inferior ‘ turbinal,’ rf, and the ^ middle turbinal,’ c, 
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are shown. The bony palate arched both lengthwise and trans- 
versely is formed by the palatines, 20 , maxillaries, 21 , and small 
con fluent premaxi I laries, 22 , supporting the incisor teeth. Tlie 
pterygoid appendage is marked 25. 

373 



The^ hyoid bone,’ flg. 374, consists of a ‘ body ’ (basi-hyal), two 
‘lesser cornua’ (stunted cerato-hyals), and two ‘greater (‘orniia’ 
(thyro-liyals). Tlie body, B, 41 , is coinjH’cssed antero-j>osterlorly, 
curved and extended transversely, with a prominent tuber(de from 
the fore part, answering to that 
which sn[)ports the ‘ glosso-hyal,’ 
fig. 30o, tjk, iji the horse ; it is not 
expanded and excavated bcliind, 
as in Apes. Tlie cerato-hyals, 

40, are reduced to mere ])isiform 
nodules of bone projecting from 
tJie line of union of the basi- and 
thyro-hyals. The ligaments which 
pass from the ‘ lesser cornua ’ to 
the ‘ styloid processes ’ represent 
the rest of* the ‘ c.^rato-hyahs ’ with 
the ‘ cpihyals,’ in primitive scle- 
rous tifesue. The greater cornua, 

4f), are attached to the body by 
an expanded end ; a layer of car- 
tilage interycnes to a late period ; 

the opposite end is slightly c5!r[)anded and sometimes bears an 

VOL. II. ' 00 




562 


ANATOMY OF VERTEBRATES. 


epiphysis : they are joined by ligament to the thyroid cartilage ; on 
which account, although liomologous with a pair of the ‘ cerato- 
branchials’ of fishes and batrachians, they arc termed ^ thyro-hyals.’ 

The Huiiian skull presents varieties related to sex, age, and 
race. Those of sex are exemplified in the smaller size of the female 
skull, the more delicate proportions of the facial bones, the inirior 
prominence of the malars, incntuin, and angles of the jaw. 

In the skull of the child at birth, fig, 375, the jaws, through the 
non-dev elopement of thc*^ teeth and their sockets, are relatively 
smaller than in the adult; but the facial angle, owing to the ra])id* 
growth of the bi-ain, is, perhaps, nearer to the Greek ideal, at the 
period when the deciduous teeth arc in 
place: both the •c:;erebral cavity and the 
orbits are then relatively greater. The bon cs 
of the face are shorter vertically, through 
the non-developement of the ethmoidal and 
maxillary sinuses ; the regular convexity of 
the forehead is not broken hy the promi- 
nences of the frontal sinuses. The sutures 
of the cranium arc more linear, less den- 
tated, and more nuincrouKS, through the 
non-coalescence of the elements of tin; adult cranial bones. The 
angle is more open between the ascending and horizontal ramus 
of the mandible : the mentum is vertical or rec^edes. 

In the adult, fig. 371, the vertical extent of the jaws is in- 
creased by the gnnvth of the teeth and their sockets, while the 
whole face is ex|)andcd by the develo})ement of the inaxillary 

sinuses ajid olfactory cavity, 
through the full growth of 
the nasal and turbinal bones 
and of the ethmoidal sinuses, 
Tlie palatine arch has ex- 
tended haelvAvard, and the 
|)Osterior nares have become 
more vertical. The as(;end- 
ing mandibular ramus forms 
almost a right angle with 
the horizontal one or ‘ body ’ 
of the bone. ' 

In extreme age, fig. 376, the teeth arc lost, the alveoli become 
absoihed, and tlic jaws are reduced in vertical extent to infiintile 
proportions. The mandibular angle again becomes more open ; 
but the chill i)rojccth and is brought nearer to the nose when the 
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mouth is shut Some of the ordinary cranial sutures of tlie ndult 
become obliterated. 

The obser^ ed range of ethnic variety in the configui’ation of tbe 
Human skull and [)roportions of its parts is much more limited 
than in domesticated breeds of lower Mammals, e. g. the canine 
races. There is no osteological or dental diflerenco of s])e(*ific 
value. Assuming the skull of the Australian, figs. .‘hhS- - 370,* 
to be the loAvest known form, fhe extent of variation Avill be 
(exemplified by comparing the figures givciii with corresponding 
ones of the European skull, figs^. 389 — 391. Besides the in- 

creased (‘.apacity of cranium concomitant with increased size of 
the intellectual organ in the educated Man, the orbital rim is 
more sharply defined, thoVigh thinned and less j)rotnb(?rant ; the 
malars are less prominent ; the nasals inorc preiininent and longer : 
the alveolar [larts of both jaws are more vertical antenorly, and 
^heir entire extent is less, oAving to the relatively smaller size 
and less complex imyilantation of the molar series of teeth ; the 
ascending ramus of the mandible is dcM^iari’, and the angle less 
everted or s(|unred. The profile views, figs. 309 and 39(), show, 
in the Australian, the greater longitudinal and less vertical ex- 
tent of the face, the jiroduced jaws and receding foreliead, the 
deep depression between ihe superorbital ridge aitd the shorter 
nasals: the base vicavs, figs. 370 and 391, whilst exlii biting the 
same position of condyles and great foramen in relation to tlie 
erect posture, alike differentiating both extremes of Humanity 
from the nearest allied A})e, fig. 359, shoAv the vaenities resulting 
from the stronger zyg(:)mati<*, arches and the narroAver inter- 
temporal part of the cranium in the Australian. The A^ertical 
longitudinal section, fig. 396, also shoAvs, as compared with fig. 373, 
the thicker cranial Avails of the Australian and the absence of 
frontal sinuses. But, Avliilst the charaeters brought out hy this 
comparison are pretty constant in tire Australian i*aec, they are 
ftir from being so in the Eiiro]>ean : and this difference deiiends 
on the c<)m[)aratively uniform Ioav iiitelligenec; and sameness in the 
mode of life of the savage as compared with the state of ciAdlized 
man. The cranium (jf the Australian may vary somcAvliat in the 
degree of compression, of shelving of the roof from the mid-line of 
the vertex, of the convexity ol* the arch from before backAvard ; and 
in the presence or absence of the suture betAveen alispheiioid and 
t)arietal : but besides the narroAV cranium, with its i*ontracted 
and retreating forehead and the |)rognatlue jaAvs common to the 
MelaTuan races, the Australian skull is characterized by the thick 
^ ‘ xi.rv. p. 825, no. fiao t. 
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and pvouiiiient siipcrorbital ridge, which is continued across the 
glabella and overhangs the deep-set, small, and slightly prominent 
nasals: another Avcll-markcd characteristic is seen in the large 
proportional size of the molars, preinolars and canines, but more 
especially of m i and in 2 , and in the almost constant distinction 
of the tAvo external fangs of these teeth, in botli jaws. In nu)st 
skulls the vertex is raised, and the sides of the calvarium slo])e 
away from the sagittal elevation. The sutures are less dentated. 
'^riie malar bones arc small, but moderately prominent and rugged. 
The alisphenoid is narrow, arid the squamosal is unusually closely 
approximated to the frontal, if it does not directly articulate there- 
with. Tlie frontal sinuses arc seldom developed.' Between the 
extremes brought out by the above coMiparison lie subjects for 
ethnological notice of cranial diversity, seemingly inexhaustible, 
of which th(i ibilowdng arc selected examples. 

In the diminutive Jloscliisman race of South Africa, by some* 
reckoned amongst the lowest of the aborigines of that continent, 
th(3 craTiiuin, figs. 377 379, is flatter at the vertex and relatively 
broader at the parietal |)rotuberances than in the Australian race, 
and the forehead, though low and narrow, is more prominent. A 
larger pro|)ortIon of the nlis])henoid joins the parietal. The border 
of the orbit is thick and relieved, but the superorbital ridge is 
not carried so strongly across the glabella as in the Australian 
race, and the origin of the nasals is less sunk: the nasals are 
narrower and flatter and the malar protuberances are more re- 
gularly convex and prominent. (IMic prognathic chai*actcr of 
th(i jaws is aflected by the absorption of the alveoli due to age, in 
the specimen figured.)'^ 

377 378 379 
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The cranium of the Hottentot^ resembles that of the Boschis- 


^ Minor characters, such as the suborhital depression, supra-niastgid ridge, ^c., 
are cited in xuv. p)», 805 >830. 

“ xuv. no. .5357. • 


® Ib. no. 537)9. 


SKELETON OE BIMANA. 565 

man, In the contraeted but almost vertical fureliead, continued, 
with a very slight prominence of the glabella, to the narrow flat- 
tened nasals, and in general shape: the malar bones are equally 
])roininent, and the facial parts of the rnaxillaries arc similarly 
depressed, but the siqjerorbital ridges are h‘ss tliickened and less 
produced. The alisphenoid joins the parietal on both sides of the 
lu*ad. The molars are small or average-sized. The uj)per border 
of the squamosals is on a level with the fronto-malar suture. The 
superocci})ital region rises immcfliately Vrom the hirnh'r margin of 
•the f'oramen magnum. , • 

In a Negro from the (Jold Coast, Africa,’ the craniimi is large 
at the parietal protuberances, though nai*row at the Ibrcdiead. 
The nasal bones are brqad and flat, but are conlinucMl iroin the 
same vertical line as the glabella. The alisphenoids articulate 
largely with the ])arietals. The jaw^ are |)roduced. The molars 
are not larger than in the White races. The cranial walls are 
thick in most Wc8t*»Coast Negroes. The uneducated African, 
like the uneducated luiropean, has a minor cranial capacity than 



the educated African or European, but this b(*com(s a race- 
vharacter only when, as in the Australians and Tasmanians, all 
are sunk in barbarism, or none risen above that oldest known 
state of man. 

In the skull of a (jireenlander, tigs. 1180 382,'^ the cranium 
presents an elongate form, with the sides sloi)ing from a median 
sagittal eminence. The parietal protuberances are feebly de- 
veloped. The glabella is not very prominent, scarcely produced 
above the root of the nose : the supcrorbital ridge is thin and 
well defined. The nasals are prominent : the upper jaw is pro- 


XLiv. no. 5364. 


* If), no. 2479. 
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(lucect ; but the cliief eharacteristic of the skull is ju'esentcd by 
the large and proniinent cheek-bones, the lower border of which 
terminates a plane extending from the^ ectorbital process down- 
ward, outward, and forward. The zygomata are long and strong. 
The lower jaAV is large, witli a well-marked chin. These cha- 
racters are repeated, with slight modifications, in the Esquimaux, 
but with varying proportions of length to breadth in the cranium. 
Among the Laplanders, with similar characters of zygomata and 
jaws, and the sloping of the calvarium from the sagittal llm.*, the 
cranium is short, averaging fiiOp inches, %vith a breadth of 5 '7 8# 
inches. But the so-called ‘ pyramidal type,’ as exemplified in 
fig. 380, and in most races inhabiting high northern latitudes, and 
extending southward in Asia, is associaq‘d with both long (doli- 
chocephalic) and short (brachyccphalic) crania. Blumcnl)a(‘irs 
‘ Mongolian’ characters art?, in the main, those of Pritchard’s 
‘ pyramidal ty[)e.’ Where much uniformity of manner of lif’e and 
of degree of* mental ])ower prevails, as, e.g., in the Lapps and 
the Esquimaux, a certain constancy of cranial character is asso- 
ciated therewith : where difference of work and of social grade 
creeps in, then cranial characters become inconstant. This is, 
tiow, manifested instructively by extended comparison of tin* 

skulls of tlie wide-spread Poly- 
nesian j)eoples. Prognathism 
is still the most constant feature 
ill them, concomitant probably 
with late weaning of the infant. 
It is a conspicuous character 
ill the skull of the native of 
Tahiti, fig. 383, ‘ in which the 
forehead is narrow and sloping: 
the parietal protuberances mo- 
derately developed and the 
cranium of moderate lengtli ; it is narrower and flatter at the sid(?s^ 
than in the Wliite races generally. The nasal liones are prominent.’ 
Of the varieties exhibited by the aborigines of the two American 
continents, the works of Dr. Morton ^ give ample evidenee. 

In the skull of a Maensi Indian, from (Tiiianaj figs. 384, 385,=* 
the cranium is syiinnetrically formed, narrow at the forehead, 
expanded nt the parietal bosses, with the broad and rather low 
nasals coming off in a line with the glabella; the up|)er jaw is 
j^rodneed, but the zygomata and the mandible have European 
characters, 

* xuv. nu. sasfl. " cix'. ' XMV. no. 5405. 


.383 
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Tlio (*raiiiuin of a Pevuvian of the inodorn oi* Inca raco is sliorl, 
broad, and liigh, especially beliiiid, owing to tlic habit of carrying 
the infant with the back of the head resting upon a flat board, 
the ])rcssiirc usually producing a si igl it unsynuuctrical distortion of 
the occipital part of the skull. The forehead is narroAv and receding. 
The glabella slightly ])roinineiit. In tlu^ older race the cranium 
was singularly and artificially distorted to the lorin, e,g., shown 
in figs. 387 and 388 ; ‘ in which, with a sudden slope and slight 




, r-' 


Sku]i I’rruviMti, from Titicfi.r;!. .. ^ 

wit.1: .-iilitici.-illy roiistriru'd • runiiim 

convexity of the frontal, thei’e is an annular (ronstrk*rion of the 
cranium behind the coronal suture; the flattening, constriction, 
and elongation having hecn produced by ligature at that part 
during infancy. Idie nasal bones are large, moderately promi- 
nent, and continued forward from the same slo|)ing line with the 
glabe\hi. The jaws are much produced, hut the chin is well de- 
veloped, Notwithstanding the deformity and the low character 
imparted artificially to this skull, the cranial cavity is as capacious 

‘ XIAV. p. 844. 
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US in other Anu;ri(jan ra(X‘s : tlie brain was as large, but was dif- 
ferently |>laced. llie transverse line equally bise(*ting the lower 
surface of the skull here crosses the middle, instead of the fore- 
part, of the foramen magnum. 

In the Indians of the Columbia River, called ‘ Flat-heads,’ the 
cramum is deformed by the application of flattened boards to the 
frontal and siiperoccipital regions, occasioning a singularly de- 
pressed, broad or side-bulging, subelongate ligure. But they re- 
semble most other Indians^ in the large and almost flattened nasals 
being contijuied forward in a line with the glabella.. The up[)er «» 
jaw is produced, and the chin moderately })romincnt. 

The skull of the Patagonian agrees in general shape with that * 
of the modern Peruvian, the occiput presenting the same height, 
breadth, and slight unsynnnetrical flattening, but it is distinguished 
by its superun* size, obvious!} belonging to a larger race of men. 
The frontal sinuses arc avcII developed. The nasal bones arc nar- 
row^, but prominent. The malars are large and prominent. The 
iippei* jaw is moderately ])roduced. In a Fuegian I found the 
cranium subelongate, moderately expanded at tlic parietal bosses, 
with a narrow and protuberant siiperoecipital ; the forehead nar- 
row and low. The glabella was prominent, and the nasals jn'o- 
duced. The malars Avere niodci’ately ])i‘()minent ; the jaws pro- 
gnathic ; the chin well developed. The base of the skull presented 
parocci[)ital protuberances, large styliform processes of the 8|)he- 
noid, and small but distinct eustaidiian processes of the petrosal. 
Traces of the maxillo-premaxillary suture remaiued on the palate. 
The molar teeth were of moderate size, Avoru on the inner border 
in the up])er jaw and on the outer border in the lower jaw. 

In the Indians of the l^impas the lu'ad is generally rounded, 
nearly ellipsoid, contracted in length and but little (‘ompressed 
laterally, with a forehead moderately prominent and iiot lalling 
back. In the Chi(piitos the same character is exaggerated and 
the head is nearly eirenlar, Avhile in the Moxos it is more oblong: 
this last form is very nearly that of the Gnarani, or Paraguay ‘ 
Indians. 'I’he heads of the Caribs, us Avell of the Antilles as 
of Terra Firina, are naturally rounded. The skulls of the 
individuals of the eoutmcntal Caribs are ovate, viewed from 
above : the occiput is not flattened as in the Peruvian and 
Californian Indians, but is moderately prominent, rounded and 
rather narrow\ The forehead is narrow and slopes with a gentle 
curve directly trom the intcrorbital space, Avhieh is more pro- 
minent than the supracillary ridges and has no median vertical 
impression. The alisphoiioid presents a margin of half an inch in 
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l^iigtli to join the |)arietal on both sides oi‘ the head. I'he elieek- 
bones and lower border of the orbit are nioderatcdy prominent : 
the nasal bones are continued with a very slight depression irovn 
the glabellar jn'oniinence: th(i superior niaxillary bones ai-e pro- 
duced : the lower border of the inahir i)ro(a?ss of tlic maxillary 
bone is slightly concave. The lower border of tlie oii)it is a little 
more coiu.'ave than the up|K;r one: the s[)heiiO“Oi‘l)ital fissure is 
widely open anteriorly. The cranimn of the Ma(!usi Indian, fig. 
3«S4, is more oblong and ellipsoid, Vicw^Ml from above: the fore- 
Jiead is broader, the j>arietal region narrower, or at least not 
broader, than it is in the shorter crania of the Carib tril)e. The 
frontal sinuses cause the superorbital ridges to in-oject beyond tlni 
interorbital S])ace:*the inalar bones are eqmdly prominent: tlie 
outer angle of the inalar processes of the maxillary bones over- 
hangs the concave line leading thcm:e to the alveolar processes. 
The general character ol’ the lacial jiart ol‘ the skull resembles 
that of the Patagonian Indian, but the prominent convex occiput 
and genei’al form of the cranium ap])roach nearer to the Carib 
form. ^Iie Carib, (inianian, and Columbian skulls all agrees in 
the roundiiess or convtjxity of* the occipital region, and differ in 
tliis resjiect, as well as their more symmetrical ligiire, from the 
skulls of the Peruvians, Chilians, and Patagonians. All the 
American skulls manifest the saim^ inferiority in flu^ size of tlie 
true molar teeth as compared with the skulls of the Australians: 
the incisors, canines, and premolars, or bicuspides, are not smaller 
than in the Black races. 

In the average skull of the Chinese the cranium presents the 
moderate or medium proportions of length, height, aud breadth. 
The sagittal region is not unusually elevated. The jilaiie of the 
glabella is slightly affected by the frontal sinuses, and the large 
aud [u-omiiient nasals an; continued tlierefrom with a very slight 
deprcjssiou. The malai-s are large and slightly prominent. The 
upjier jaw is not ])roduced. The chin is well developed. The 
*paroecipital tubereles are well marked. The (diiei* distlnetion 
wliich sueh skull presents from the average form ol* those of 
European races is in tin; size and prominence of the malar hones. 

Most well-forjiicd skulls of educated Wliites present the cliarac- 
teristics ascribed by Blumenbaeli to his Caucasian race. The 
contour of the cranium, as well as that of the face, is oval: the 
forehead is moderately vertical, high, and l>road : the nasal hones 
are prominent and well developed: the malars are vertical, and 
the orbital boundaries are neatly defined. The upper jaw is not 
produced :* the lower jaw has the chin well marked. 
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The range of variety is, liu\yever, considerable. F roni an 
and Avell-filled European graveyard may be selected specimeiis 
of ‘ klinocephalic ’ (slope- or saddle-skull), ^ conocephalic ’ (cone- 
skull), ‘ bracliycephalic ’ (short-skidl), ‘ dolichoc'cphalic ’ (long- 

.‘]89 ;i90 391 



l’'rorit. 


I'lliilitica] craiiiiiin of Kumitoau. 



Base. 


skulLW.^* platycephalic ’ (flat-skull), ^ lejfloeephalic ’ (slim-skiill), 
and other forms of cranium equally worthy of ptmta- or liexa- 
syllabic Greek epithets. There arc varieties in the degree of 
projection of the supranasal and supcrorbital ridge, but never at- 
taining that exhibited as a constant and specific idiaracter in the 
Gorilla, fig. Sijio. Thor e are varieties in the sutures, in the time 
and degi*ee of their obliteration,* and in their intercalated Svormiaid 
bones, &c. &<?. 

* Kokitaubki** a}<p\;ars first to have conceived, in relation to the skull of'a younj^ 
person in which tlie lower ends, for rather more than an inch, of the coronal suture 
were obliterated,^’ that it was the cause of u transverse contraction of the craniutn at 
that part. 

What this skull actually shows is the coincidence of partial coullucncc uC parietals and 
frontals with a least transverse diameter at the temporal fossjc, a high and rather 
short craniuni, with a general inferior capacity of the brain-case. Hut the relation of 
cause and eftVet in this iiistaueo is not reasoned out by the great pathologist. The 
ultimate or adult size of the cerebrum is due to inherent, or iidieritcd, capacity of 
brain-devclupemcut, with the accident of such culture, or of the absence thereof, through* 
which that developcmciit iniglit be influenced. Tjie growth of the brain governs 
the capacity of the craniuni, and, in a general way, is anterior in the order of the 
phcnoincna : it influences its bony case, moreover, not by mechanical expansion, 
but by exciting the modelling action of the absorbents in co-operation with the 
arterial dei>ositors of the bony matter. The coronal, sagittal, aftd lamlxloid sutures 
are, as a rule, and in the cranium in question, too intricately interwoven to admit of 
any forcible drawing asunder. On what facts it is assumed that the obliter^tioa of 



“ oxi'. Ihl. ii. p. M8:— ‘ Dnrch seitliche Synostose der Schcitel- urid Stini-beine, 
d. h. W^rknoclieriuig des seitlieheu untereii Theilcs der Kranznaht, wird eine qiiere 
Verengerung dos Schiidels bedingt.’ 

^ Figured in LucaCj T^iel VI IT. 
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„ The i>rogres.sive superiority of the cranial over the facial 
division of the skull is best illustrated in the Mammalian class ; 
but, to sliovv tlie full gradational extent of diversity, two exani- 
j)lcs, in this retrospective summary, are borrow^ed from lower 
vertebrate classes. 

In the cold-hloodcd Crocodile, fig, 392, the ca\ity for the brain, 
in a skull three feet long, will 
scarcely contain a man’s 
thumb. Almost all the 
• skull is made up of the 
instruments for gratifying 
an insatiable [irojiensity to 
slay and devour; it is ^lie material syndiol of the low(‘st animal 
passion. 

In the Bird, fig. 393, tin? 
brain-case has expanded 
vertically and laterally, but 
is confined to the back part 
of the skull. In the small 
^singing-If^rds, with shorter beaks, tin? proportion of the cranial 
cavity becomes much greater. 

In the Dog, fig. 394, the brain-case, with more caj)acity, begins 
to advance further forward. 

In the Gorilla, lig, 395, the 
capacities of the eranium 
and face are about equal. 

In Man, fig. 396, the cra- 
nial area vastly surj^asses 
that of the face. 

A difference in this n;- 
spect is noticeable between tlie savage and civilised races of 
mankind ; but it is immaterial as compared with the contrast in 
^this respect presented by the lowest form of the human head, fig. 
396, and the highest of the brute species. Siicli as it is, how- 
ever, the more ccmtracted cranium is commonly accompiinicd by 
more produced prcmaxillaries and thi(;ker walls of the cranial 
cavity, as Is exemplified in tlie negro or Papuan skull. 

tile parts named of the Cf»roniil suture caused or eondilioned (* bedingt *) the trans- 
verse oontruction of the cranial cavity is not stated. If the mechanical idea prevailed 
tliat obliteration of a suture prevented the previously distinct bones being pulled 
apart, so as to allow, or stimulate, disproportionate growth at the margins of the 
stretched hones, then we should have expected that the elongation of the cranial box 
would have been prevented in the direction at right angles to the obliterated suture, 

] reducing contraction iii the longitudinal instead of in the transverse direction. 
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If a lino be drawn iVoni the occipital condyle along the floor of 
the nostrils, and be intersected by a second touching the most 
prominent parts of the forehead and upper jaw, the intercepted 
angle givtjs, in a general way, the proportions of the cranial 
cavity ami the gi'ade of intelligence ; it is called the * iacial 




angle.’’ In the Dog this angle is 20'’; in the (iorilla it is 4(r, 
but the I )rominent superorbital ridge occasions some exaggen-ation ; 
in the Australian it is 85'^; in the educated White it averages 
The ancient Oreek artists adopted, in their beau ideal of the beau- 
tiful and intellectual, an angle of 100. 

c. Bones of the Limbs , — The Human clavicle, fig. 183, 58, 
is more slender in [>roportiou to its length, and its curves are 
always better marked than in the great A]>es : the tubercle for 
the conoid ligament is usually more developed. The peculi- 
arities of the Human scapula, as brought out by tlie same (*. 0111 - 
parivsons, are its great breadth in proportion to its length, the 
more transverse direction of the s|)ine and acromion, and the 
disproportionate extent of the subspinal as compared Avith the 
supraspinal tract. The upper angle is less rounded; the extent 
of the upper border between that angle and the superscapulai^ 
notch is relatively greater, and is more nearly vStraight ; the notch 
itself is smaller and deeper. The smooth triangular surface near 
the origin of the spine, upon which the trapeziutj muscle glides, 
is relatively greater. The surface for the teres minor muscle, on 
the outer side of the bone, near the lower border, is broadey ; as 
is that for the teres major, nearer the loAver angle. The deep 
part of the subscapular bed, being parallel with the attachment of 

* For illustration of other ‘angles,* e.g. the ‘ paJato-faciar and / basi- facial,* 
reference may be made to cm*, and ex*, p. 21, pis. x. xi, and xii. 
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the spine of the scapula, is situated nearer the upper l)order 
than in the Gorilla or Chimpanzee. The surface for the upper 
origin of the serratus niagnus is relatively less than in the 
Gorilla. The long narrow surface between the obtuse lower 
])oundary of the subseapular fossa and the lower border of the 
sea])ula is flat, op is less concave than in either the Gorilla or 
Clumpan/ee. 

The humerus of the male vVustralian, ib. 53, is more slender 
than that of the average-sized male European ; both show the 
inferior developement of the condyloid })rocess(‘s as (Compared with 
the Gorilla; and the same difference in relation to muscular 
attachments is exem])litied by the lower tuberosities at the upper 
end of the bone. The fritercondyloid perforation is oeeasionally 
seen in the Human humerus. The characteristics of the Human 
radius, ib. 54, are its greater relative shortness to the himun-us 
(seldom noted in anthropotomical descriptions of the bone); its 
more slender and less bent shaft; the better definition and gr(*atcr 
depth of the grooves for the three tendons acting on the thumb 
at the back part of the distal ex])ansion, and the more |)rodnccd 
styloid process ; whilst the tuberosity above it for the attachment 
of tlie su|)inator longus is much less developed than in either the 
Gorilla or Chimpanzee. The chief distinctions ])r'#sented, in the 
same comparison, by the ulna, ib. 55, are its minor length corn- 
]>arcd with the humerus ; its greater relative slenderness ; the less 
pro])ortional ex})ansion of the proximal end ; the somcAvhat minor 
pi-oduction of the coronoid process ; and the greiiter straightness 
of the shaft, especially on the side view. 

In the Gorilla the liand is an instrument of great power of 
grasp, capable of easily sustaining the weight of the body sus- 
pended by the fingers ; the length and strength of the whole 
pectoral limb ac(’ord with the mechanical adjustments of the 
hand as a hook, and as a crutch in moving along the ground. 
•In Man the framework of the hand, ib. 50, 57, bes|)eaks an 
organ of varied and delicate prehension ; and the form and pro- 
])ortions of the whole upper limb relate to the free motions and 
complex functions of the instrument. In Man the length of the 
three bones of the thumb, J, nearly equals one third the length 
of the humerus : in the Gorilla it is little more than a fifth of that 
Icngtfi. The metacarpal of the index digit in the Gorilla is twice 
the length of that of the pollcx: in Man it is little more than 
one fourth larger. The shafts of the proximal and middle pha- 
langes of the fingers are less expanded than in the Gorilla; their 
digital endis arc broader than the shaft instead of* being narrower : 
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the tenniual portions of the ungual phalanges are longer, broader, 
and flatter than in tlu? Gorilla, considerably so in relation to the 
size of the Avhole hand,’ having reference to sustaining the deve- 
loped surface for a refined sense of touch. 

The ilium, fig. 367, a, 62, ischium, ib. 64, and pubis, ib. 63, 
coalescing, the two latter at the sixth year, mul both with the 
ilium at about the twenty-fifth year, have been described, accord- 
ing to the usage of authropotomy in such instances, as a single 
bone, under the designatfon of ‘ os inuominatum.’ The Ilinnan 
characteristics are strongly maAed in this ])art of the skeleton.^ 
The ilium is broader tluvn it is long, and is more concave ante- 
riorly, fig. 398, 4 , than in the Gorilla ; it is also more concave 
|)osteriorly, fig. 307, esjiecially in the veftical direction, in which 
it is slightly (X)nvex in theChim])anzee. The sacro-iliae symphysis, 
fig. 398, 2 , 3 , '//, />, is svibciuadrate, instead of being long and narrow 
as in the Chimpanzee. The ^ crest,’ />, c, is much thicker and 
much more curved; and both angles or ^spines,’ but especially 
the posterior one, h, are more ])roduced. These modifieations, 
and especially the devclopement of the ‘ external labrnin,’ lig. 
397, c, relate cliiefiy to the needful increased surface of attachment 
for the large muscles which sustain the trunk upright upon the 
hinder, nowbe 4 ?ome the lower, limbs. The anterior border of the 
innomiiiatum, figs. 397, 398, ^/, c,/, especially that ]>art formed by 
the ilium, w, ^/, is much shorter and thicker, and the ‘ anterior 
inferior spine,’ (U i^^ better developed. The acetabulum, fig. 397, 
4 , is turned more toward the back of the os innominatum. Tlie 
great ischiatic notch,?//, is shorter, but much deeper; the spine of 
the ischium, /, is more produced ; the lesser ischiatic uotch, /<, is 
deeper, more concave, but of the same length. The tuberosity of 
the ischium, /, is convex, and is continued upon the outer part of 
the bone to near the acetabvdum ; in the Gorilla and Chim])anzce 
it is more flattened, is carried further down fi*om the acetabulum, 
and its outer margin is produced or everted. The pubis, 7 , .v, is. 
shorter and much thicker than in the Chimpanzee. The symphysial 
boundary of the obturator f'oramen, o, is much iiarro^vor and less 
curved. The oblique groove, /, beneath the pvdjic boundary of 
the foi’umen in Man is not present in either the Chimpanzee or 
Orang-utan, The cotyloid notch, 5, is broader, and the sym- 
physis pubis, fig. 398, (j, is much shorter than in the Anthropoid 
apes. 

The backward developement of the ilium, n, for the ecto- 
glutajus, and the ant. inf. -spine, d, for the rectus femoris., relate to 

‘ Clir. \Ol. V. J>1 10 . 2 11, y,j] y p] Q ^ 
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the important share taken by both muscles in maintaining the 
erect position. 


With the outer surface 
of the ilium turned to the 
observer, as in fig. 397, is 
seen the same svirfice of 
both iscliium and pubis, 
together with the aceta- 
bulum; but, in the Gorilla, 
^he twist of the innomina- 
tum is such as to present 
only the outer margin of 
tlie ischium, with a side 
view of the acetabulum ; 
and, in the Chimpanzee, 
the greater twist brings 
tlie iimer surface of the 
pubis into view and almost 
excludes tlie acetabulum. 

The sacro-iliac surtace 
is divided into a ^ syndes- 



motic,’ fig. 398, i, 7 , atul 


Kst.cniHl view of (hej iniiiuoin.'itt' 1n»ni> 


a ‘ syiicliondrosal,’ ib. n, 2 , part : the latter is more es]>ecially termed 


tlie ‘ articular,’ and some- 


aos 


times, from its shape, the 
‘ auricular ’ part ; it is 
united by ‘ fibro-cartilage ’ 
to the first and second, 
and a small part of the 
1 bird, sacral vertebrai. The 
concavity, 4 , is the ‘ inter- 
nal iliac fossa.’ The ridge, 
5 , transmits, like a but- 
tress, the weight sustained 
by the articular surface, 2, 
to the back wall of the 
acetabulum : thb ridge, o, 
thence continued to the 
spine *of the pubis, /, is 
terined ‘ ilio-jiectineal.’ 

The h uman pelvis, formed 
by tlie saciaun, coccyx, and 

ossa innominata, offers 

• • 



Intcnial view of thesis iuiiominatun 
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characters of sex and race. The male i^elvis is shoAvii in fig, 183, 
G2, 63, 64 : the female pelvis in fig. 399. In the latter the sacrum 
is relatively wider, and, anteriorly, it is less concave transversely 
above, c/, more concave vertically beloAv, h. The ilia are broader 
and shorter, with more (?apacioiis fossa) : the ‘ obturator foramen ’ is 
triangular; the ischial tuberosities are wider a^iart, and the sym- 
physis pubis less <leep. An- 
thro])otoniists call the part 
which is above the linea ilio- 
pec tinea, J] and proinon-* 

tory of the sacrum, a, the 
^ false pelvis that beneath, 
thet* ‘ true pelvis.’ Of this 
the ‘ brim,’ or ^ superior cir- 
cumference’ c, /', />, incloses 
the ^ inlet’; the ‘inferior 
circumference,’ bounded by 
the ischial tuberosities, jm- 
bic symphysis, and ti]> of 
the coccyx, incloses the 
‘ outlet ’ of the ‘ true pelvis.’ The diameter from the sacral pro- 
montory, a, to^ the pubic symphysis, i, is called the ‘ conjugate ’ or 
‘ antero-postcrior ’ one; that between the ilia taken at c,/, or 
half way between the sacro-iliac joint and the pectineal eminence, 
is the ‘ transverse ’ diiuneter ; the ‘ oblique ’ diameter is between 
the j)oint of the brim nearest the pectineal eminence, c, and the 
sacro-iliac joint of the o])posite side, d. Of the pelvic outlet two 
diameters are noted — the ‘ antcro-posterior ’ from the tip of the 
coccyx to the lower part of the pubic symphysis, and the ‘ trans- 
verse ’ taken l>ctwcen posterior parts of the ischial tuberosities. 
The following may be regarded as the normal extent of the 
above diameters in the two sexes : — 



* 1VUIM.’ 

Transvcr.se . 
Oblique 

Antero-postcrior . 

‘ fUJTI.Er.' 

Transvorso . 
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In Man alone are the boundaries of the superior outlet on one 
plane; the section through the ilium, iu fig. 400, show?! this to be 
due to the direetioii of the laxly of the pubis, ^vbich is on the same 
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plane with that of the eotylo-Hacral tract of tlih lliiiin. In this 
section, a a'h the line of fulcrum falling in the transverse Ycrtical 
plane of the trunk ; c c' is the line of passing through the 

centre of the sacro-iliae joint; 6' is the line of power, or ])ubic 
})rojection, giving attachment to the extensor mus(.*les of the tliigh ; 
d d' is the line of sacral projection; e f gives the ^ cotylo-sacral 

400 401 
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t!urve; ’ a/ b' is the pubic aim of the lever; a' c' is the cotylo- 
sacral arm ; a' d' gives the length of the gluteal arm ; c' d' that 
of the posterior spinal arm. In the diagram, fig. 401 , the lines 
a e, e c, mark tlje angle of inclination of the pelvis, or the ‘ pelvi- 
vertebral angle ; ^ f g d gives the inferior angle of inclination of 
the pelvis, which is about 10° with the horizon, ^ The two 
lines of the superior and inferior planes, when prolonged ante- 
riorly, cut each other at c, and include an angle of about 50 ®, 
€ cf The ‘ sacro-vertebral angle’ is" shown at a e i, which is 
about 117 ^ in the male and 130 ® in the female. The angle a h k, 

yoL, ir* i» ]• . . 
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taken through long diameter of the pubic symphysis, is the 
complementary angle of the sacro-vertebral one in the |emalc, 
owing to the general parallelism of the pubic with the sacral 
wall of the ^ true pelvis.’ The ‘ axis of the brim ’ is the line I /w, 
drawn from the centre of the superior plane at right angles 
thereto. The ^axis of the inferior q^tlet/ ii /?, is drawn at 
right angles to the centre of the inferior plane. The axis of the 
pelyic cavity, Z o r is an irregular parabolic curve, passing from 
the fixed axis of the brim and moveable f(i)nvard, through the 
flexibility of the coccyx at its inferior extremity, with the move-f 
able axis of the inferior outlet, with which it coincides below.' 

The observed range of variety in the Human peltis is restricted 
to some slight difference in the breadth and curve of the sacrum, 
in the contour of the iliac crest (fig. 397, Z»), in the interspace 

between the ant.-superior, and ant.-inferior, d, spines,^ and in 
proportions that modify the shape of the uj)per aperture of the 
‘ true pelvis,’ whereby it might be approximately defined as ^ oval,’ 

^ oblong,’ ‘ round,’ or even appi’oaching to * quadrate.’ Accord- 
ing to my experience, these are not characteristic of race, nor 
uniformly concomitant •witli cranial varieties, as, e. g. the ^ round ’ 
pelvis with the ‘ brachycephalic,’ the ^ oblong’ ^h the ^dolicho- 
cephalic,’ or the ^ square ’ with the ^ pyramidaii’ form of skull.® 
Vrolik'* has noted a more vertical direction of the ilia, and the 
proximity of the highest part of the crest to the posterior superior 
spine, in the pelvis of a Negro : I have noted the smaller and nar- 
roAver iliac bones of an Australian female as compared with an 
European but the size accorded with a general dwarfishness of 
stature, and the difference of proportion was too slight to affect 
the characteristic human configuration of the bone. Save in 
regard to Europeans, the requisite number of observations of the 
pelvis in the same races or tribes of mankind is yet a desideratum. 

In the typical Mammalian foot the digits decrease from the 
middle to the tAVO extremes of the series of five toes ; and in the 
modifications of this type, as traced through the gradations (p. 308, 
fig, 193), the innermost, /, is the first to disappear. In Man it is 
the seat of excessive developemcnt, and receives the name of ‘ hal- 
lux,’ or ^ great toe ;’ it retains, hoAA^ever, its characteristic inferior 
number of phalanges. The tendons of a })OAverful muscle, which 
in the Orangs and Chimpanzees are inserted into the three middle 
toes, ,are blended in Man into one, and this is inserted into the 
hallux, upon Avhich the ,fprce of the muscle now called ^ flexor 
longus hallucis ’ is exclusively concentrated. 

* ov*. pp. 1.33 -135, * Khiv. p 839 (PolyjioBian). 

* ovir. \ ^ SMV, p. 806. 
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The arrangement of other riiuscles, in subordination to tlie 
peculiar developement of this toe, makes it the chief fulcrum when 
the weight of the body is raised by the power acting upon the 
heel, the whole foot of Man exemplifying the lever of the second 
kind. The strength and backward production of the heel-bone 
relate to the augrventation of the power. The tarsal and meta- 
tarsal bones are coadjusted so as to form arches both lengthwise 
and across, and receive the supcrir^cumbent weight from the tibia 
on the summit of a bony vault, which Iftis the advantage of a cer- 
•tain elasticity combined with adcq»uate strength. In proportion to 
the trunk, the pelvic limbs, fig. 183 , 65 - 68 , are longer than in any 
other animal ; they even exceed those of the Kangaroo, fig. 211, 
and are j)eculiar for the miperior length of the femur, fig. 183 , 65 , 
and for the capacity of this bone to be brought, when the leg is 
extended, into the same line wdth t!\e tibia, ib, 66. The inner 
(‘ondyle of the femur is longer than the outer one, so that the shaft 
inclines a little outward to its upper end, and joins a neck longer 
than in other animals, and set on at a very oi)en angle. The 
w'cight of the body, received by the round heads of the thigh- 
bones, is thus transferred to a broader base, and its su])port in the 
upright posture facilitated. The pelvis is modified so as to receive 
and sustain betteif the abdominal viscera, and to give increased 
attachment to the muscles, especially the ^ glutei,’ which, com- 
paratively small in other Mammals, arc in Man vastly developed, 
to balance the trunk upon the legs, and recijn’ocally to move these 
upon the trunk. In com])arison with that of the Apes the Hu- 
man femur is distinguished by its greater length, both absolute 
and relative to tlie trunk, by the more angular and less cylindrical 
shape of the shaft ; by its forward bend, and the buttress-like deve- 
lopement of the ^ linea aspera;’ by the greater proportional expanse 
of the distal end, especially at and above the inner condyle, and 
by the greater backward production of both condyles, especially of 
tike inner one. Only in the Chimpanzee and Gorilla is the ^ cer- 
vix femoris ’ relatively as long as in Man ; but it stands out at a 
different angle, and the femora are parallel, fig. 340 , 65 , not con- 
verging to the knee-joints, through the double obliquity of ^ neck ’ 
and ‘ shaft ’ whhSi characterises the human femur, fig. 183 , 65 . The 
great trochanter does not rise so high as the head of the bone in 
Man ;*the small trochanter is more prominent and circumscribed. 
The terminal expansion of the shaft is chiefly toward the inner or 
tibial side. The major part of the rottilar smdace is on the outer 
condyle. . 

After thp femur, the tibia, 66, is the longest hope of the skeleton 

1* r 2 
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in Man : in the (Gorilla it is the shortest of all the long bones of 
the limbs : the Human tibia also differs from that of the Gorilla in 
the more equable diameter of the shaft and more parallel contour 
of the outer and inner sides, with a considerable reduction of the 
interosseous space between it and the fibula. The crest descends 
in Man near the middle of the anterior surface, of the shaft, with 
a slightly sigmoid or wavy course. The lower articular surface 
is uniformly concave from before backw ard, and is continued at 
a less open angle and to k greater extent upon the articular sur- 
face of the inner malleolus, the articulation with the astragalus* 
being deeper and firmer than in the Gorilla and other apes. The 
outer or fibular malleolus descends in Man lower and more verti- 
cally than the inner malleolus, interposing a greater obstacle to 
lateral inflections of the foot upon the leg than in the Gorilla. The 
foot is shorter in proportion to the leg, in Man, than in any Quar 
drumane, and is so articulated that the sole is directed downward : 
the tarsus is longer and narrower. The entocuneiform presents a 
flat, reniform surface, anteriorly, to the base of the hallux. The 
four outer toes arc very slender compared with the innermost ; 
and their proximal and middle phalanges are very feeble compared 
with those of the Gorilla : all the five toes have the same direction, 
forward. ‘ 

The osseous texture of the Human bones is remarkable for its 
delicacy and finish : it is exemplified in fig. 402 by longitudinal 
sections of 2)arts of the three chief bones of tlic pelvic limb. In 
the section of the uj)per end of the femur, a, the outer, compact 
tissue, fl, is extremely thin upon the head of the bone, begins to 
gain thickness at its under part, and at the corresponding 2)art of 
the great trochanter, and increases until it forms the wall of the 
medullary cavity. In the cancellous or reticular tissue forming 
the substance of the head and neck, a tendency to a radiating dis- 
position, diverging from the under part of the neck, and favour- 
able to strength, may be discerned in the principal laminje, 
the head of the tibia, b, the compact tissue is also very thin, 
where it encloses the reticular structure occupying the proximal 
end, and becomes thicker as that structure is absorbed. In both 
the tibia and fibula is shown the line indicative* of the union of 
the upper ‘ epiphysis ’ with the * shaft : ’ and in the femur there 
is a similar indication of the epiphysial condition of thd great 
trochanter. 

The more constant sesamoid bones of the Human skeleton, 

* For the details of a comrarison of the limb-bones of Man with those of the Apes, 
see CIII -. voL V. p. 1, pis. i.- xiii. 
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whicli have an articular facet playing upon a joint, are tlie 
‘ patella,’ fig. 183, 6c', the pair beneath the inetatarso-phahiiigial 
joint of the great toe, and the pair at the corresponding part of 
the thumb. Of those playing on surfiices of bone, there is one in 
the tend(m of the j)eroneus longus wliich glides on the groove of 


402 
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the cuboid ; one in the tendon of the tibialis anticus opposite the 
smooth facet on the cntocuneiform ; one in the tendon of tlie 
tibialis posticus opposite the inner side of the astragalus; and 
one (fabella) in the outer head of the gastrocnemius behind the 
outer condyle of the femur. The os penis, common in Qaadru- 
maiia, is never developed in Man. 

I). Relations to lArchetype, — Finally, in regard to the skeleton 
of Bimana, there remain a few observations on its relations to the 
general vertebrate ar(!hetype (vol. i. fig. 21), from wliich it de- 
parts so widely. 

The skull sSiows the following extreme modifications. In the 
occipital segment the hannal arch is detached and displaced, as in 
all Vertebrates above fish; its pleurapophysis (scapula, fig. 403, 
/>/, 5i) has exchanged the long and slender for the broad and flat 
form ; the haeinapophysis (coracoid, 62) is rudimental, and coalesces 
with 61 the diverging appendage, 53-57, of this arch becomes the 
‘ peeton|l limb.’ The neuvayiopliyscs (exoccipitals, 2 ) coalesce with 
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the neural spiiie (hiperoccipital, 3 ), and next with the centrum 
(basioccipital). This afterwards coalesces with the centrum (basi- 
spheiioid, 5 , c) of the parietal segment. With tWs centrum also the 

403 


Niv 


IL9 


Vertebral segincata Bliown In the Human foetal skrteton. cxL, 

neurapophyses, called ^ alisphenoids/ n, the centnup of the frontal 
vertebra, called ^presphenoid,’ and its ncurapophyscs (orbito- 
sphenoids, 10 ), become anchylosed. The neural spine (parietal, 7 ) 
retains its primitive distinctness, but is enormously expanded, and 
is bifid, in relation to the vast size of the brain in Man. The 
parapophysis (mastoid, fig. 404, c) becomes confluent with the 
otic capsule (j)ctrosal), the tympanic, r/, squamosal, «, and with 
the pleurapophysis, called ^ stylo-hyal,’ fig. 403, 38, of the haemal 
(hyoidian) arch. The haemapophysis is ligamentous, save at its 
junction with the haemal spine when it forms the ossicle called 
^ lesser cornu of the hyoid bone,’ ib. 40, the spine itself* being the 
basi-hyal, 41 . The whole of this inverted arch is much rediiced^^ 
in size^ its functions being limited to those of the tongue and 
larynx, in regard to taste, speech, and deglutition. The neur- 
apophyses (orbitosphenoids, lo) becoming confluent with the cen- 
trum (presphenoid, 9 ) of the frontal vertebra, and the latter 
coalescing with that of the parietal vertebra, the compound bone 
called ^ sphenoid ’ in Anthropotomy results, which combines the 
centrums and neurapoiAyses of two cranial vertebraj, together 
with a diverging appendage (pterygoid) of the maxillary arch. 

The knowledge of the essential nature or ^ general homology ’ 
of such a compon^ bone gives a clue to the phenomena of its 
developement from* so many separate points, which neAher eiA- 
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brjology nor teleology could have afforded. As the centrum, 5 , 
becomes confluent with i, a still more complex whole results, 
which has accordingly been described as a single bone, under the 
name of ^ os spheno-occipitale ’ in some antliropotomies. Such a 
bone has not fewer than twelve 404 


distinct centres ,of ossification, 
corresponding with as many dis- 
tinct bones in the cold-blooded^ 
animals that depart less from the 
vertebrate archetype. The spine, 
of the frontal vertebra (frontal 
bone) is much expanded and 
bifid, fig. 405, df, »like the 
parietal bone ; but the two 
halves more frequently coalesce 
into a single bone, with which 
the parapophysis (postfrontal, li) 



KlomontB nf Ifiimari ‘ tonipttral hono,' ontBiilo 
viow: thi> eiir-oijiBnk*, called ‘ pt’- 

trouB portion,* In not liero ssoen. 


is connate. Much of the hicmal arch is oonsurned by the ra])idly- 
growing ‘ ossicles of the ear,’ and the proper plcurapophysis (tym- 
panic bone, fig. 404, d) is reduced to the function of supporting 
the ear-drum, and becomes anchylosed to the squamosal, < 7 , and 
mastoid, c. The haemapophysis, fig. 403, 29 , hs, is ^nodified to form 
the dentigerous lower jaw, but articulates, as in other Mammals, 
with a diverging appendage (squamosal, 27 ), of the antecedent 
lueinal arch, now interposed between it and its proper pleur- 
apophysls; the two hicmapophyses, originally separate, as in fig. 
405, become confluent at their distal ends, forming the sym- 
physis mandibulaB. 

The centrum of the first or nasal vertebra, like that of the last 


vertebra in Birds, is shaped like a ploughshare, and is called 
^ vomer,’ fig. 403, 13 ; the neurapophyses have been subject to 
similar compression, and are reduced to a pair of vertical plates, 
» which coalesce together, ib. 14 , and with parts of the olfactory 


capsules (upper and middle turbinals), forming the compound 
bone called ‘ ethmoid.’ The prefrontals assume this confluence 
and concealed position even in some fishes — Xiphias^ c. g. — and 
repeat the character in all Mammalia and in most Birds ; but 
they become partially exposed in the Ostrich and Batrachia. 
The* spine of the nasal vertebra (nasal bones, ib. is) is usually 
bifid, like those of the two succeeding segments ; but it is much 
less expanded. The hajmal arch, called ^maxillary,’ is formed by 
the pleurapophyses (palatines, 20 ) and by the haemapophyses 
(maxillaycs, 21 ), with which the halves of thd bifid hoamal spine 
(premaxillaries, 22 ) are partly connate, and liecome completely 
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confluent. Each moiety, or premaxillary, is reduced to the size 
required for the lodgment of two vertical incisors. As the canines 
in Man do not exceed the adjoining teeth in l^gth, and the pre- 
molars are reduced to two in niimher, the alveolar extent p£r the 
maxillaiy is short, and the wliole upper jaw is very slightly 
prominent. 

Of the diverging appendages of the maxillary arch, the more 
constant one, called ‘pterygoid,’ 24 , articulates with the palatine, 
but coalesces with the sphenoid ; the second pair, formed by the 
malar, 26 , and squamosal, 27, has been subject to a greater degree of'* 
modification : this appendage still performs the function assigned to 
it ill Lizards and Birds, where it has its typical, 
405 ray-like figure, of connecting the maxillary with 

# the tympanic, or one rib with the next ; but the 
second division of the appendage (squamosal), 
which began to exjmnd in the lower Mammalia, 
and to strengthen, without actually forming part 
of, the walls of the brain-case, as in fig. 140, 27, 
now attains its maximum of developement, and 
forms an integral constituent of the cranial pari- 
Frontvlowof^H,mKan f<ml betWCCn the 

neural arches of the occipital and parietal seg- 
ments. It coalesces, moreover, with the tympanic, mastoid, and 
petrosal, and forms, with the subsequently anchylosedstylo-hyal, a 
compound bone called ‘ temporal ’ in human anatomy. Embryology 
shows, empirically, the facts of developement: the key to the 
complex beginning of this ‘ cranial bone ’ is given by the dis- 
covery of the general pattern on which the skulls of the verte- 
brate animals have been constructed. In relation to that pattern, 
or to the archetype vertebrate skeleton, the Human temporal bone 
includes two plcurapoidiyses, 38 and 28 , a parapojdiysis, 8 , part of 
a diverging appendage, 27 , and a sense-capsule, ic. 

In the Human embryo the cartilaginous follow^s the fibrous stage . 
of the bram-(*ase in all the neurapophyses, viz. : cxoccipitals, ali- 
sphenoids, orbitosphenoids, prefrontals. The latter already show 
then’ lateral confluence, closing the cranium anterior to the multi- 
perforate part for the divisions of the olfactory nerve, called ‘ cribri- 
form plate of the ethmoid,’ and forming the ‘ crista galli ’ above, 
and the ‘ lamina perpendicularis ’ below,.that plate ; in connection 
with which are the ‘ turbinal ’ capsules, or supporters of the ‘ sense- 
organ,’ which are also cartilaginous. The chondrified bases of 
the alisphenoids descend into the basisphenoid. The exoccipital 
cartilage ascends Into the lower half of the superoccipital. TJiie 
cartilaginous capsule of the ear-organ also ^ends a thin plate to 
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the superoccipital, and a thicker process behind which becomes the 
basis of the mastoid. All the above cartilaginous parts are more 
oi* less continuous or confluent, and when separate from the iin- 
chond^ed extensions of the brain-capsule have been, illogically, 
termed ^ primordial cranium ’ (Primordialschadel). B u t th e actual 
embryonal or primordial skull is originally wholly membranous, 
and at the stage above described includes parts unchondrified, as 
Avell as those showing the intermediate histological conversion into 
cartilage. The bones, ossification of Vhich begins in membrane, 
are the basioccipital, vomer, upper half of superoccipital, parietals, 
frontals, nasals, lacrymals, malars, squamosals, palatines, ptery- 
goids. A pair of cartilaginous buds from the prcfrontals form the 
piers of the yet unclosed anterior haemal, or ^ maxillary,’ arch. A 
pair of cylindrical cartilages, called ‘ Meckel’s,’ are developed in 
the blastemal basis of the tympano-mandibular arch. The body 
and the stylo-hyal parts of the cornua of the hyoid are gristly 
before they ossify : much of the cerato-hyal parts of this thin hajmal 
arch ]*etain their primitive fibrous condition. Tlic capsule of the 
essential parts of the organ of vision is in the same ^ sclerous ’ pre- 
dicament in Man and Mammals: that of the organ of hearing 
becomes cartilaginous before it ossifies: the perfection of this 
organ in the well-brained Mammals calls for acce^rsory parts, which 
show their true nature by their rapid growth.^ The true com- 
prehension of the developemental phenomena of the Human and 
Mammalian skull is afforded by that of its vertebral archetype: 
the ai-tificial nature of the classification of the ossified parte into 
^ primordial skull-bones ’ and ^ lid-bones ’ Deckknochen ’) is 
hereby plainly manifested : it is akin to that which divides them 
into ^ eight bones of the cranium^ and ^ fourteen bones of the face.’ 

The first seven segments of the trunk consist each of ^ centrum,’ 
^ neurapophyses,’ fig. 403, and ^ pleurapophyscs,’ /y/, the ultimate 
confluence of which forms the bone called ^ cervical vertebra : ’ 
the centrum of the first of these coalesces with that of the second, 
and forms the ^ odontoid process :’ its place in the ‘ atlas ’ is taken 
by a ^ hypaphophysis.’ The pleurapophyscs of the seventh cer- 
vical are occasionally elongated as ^ribs,’ fig. 185, A, h. In the 
"" seven segments which succeed the cervical s, the pleurapophyscs, 
pU are elongated, and retain their freedom ; and after the first they 
are shifted to the interspace between their own centnim and the 

' The precocious developcrnent of the ear-organ and its complex appendages in 
Mammals- sorely perplex . devotees of developemental phenomena: the superadded 
bones of the car-drum, growing straightway to full sixe, «nd appropriating much 
oi the blastema of the plcurapophysial or tympanic part of the haemal arch, have 
been veritable ‘ will-o’-the-wisps * to huii.ters of homologies on emhryological ground,. 
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next in advance (or above). The hasmapopliyseSj /i, are gristly . and 
interposed between tlie pleurapophyses and the h^mai spines, the 
conversion of which into the ^sfcrnum’ has bec#already explained. 
The fact of this short and slender bone in Man being ossified 
from a longitudinal series of centres (fig. 364, b) is learnt from 
embryology^ the reason from general homology. The haemal 
spine hcre*repeats the variability of its homotype, the neural one, 
being sometihies entire, sometimes bifid (ib. c, d). In the three 
succeeding segments the piieurapophyses become shorter and the 
hsemapophyses sire attached by their attenuated ends each to that 
in advance. In the next two segments the still shorter pleur- 
apophyses resume the exclusive ai-ticulation with their proper cen- 
trum and teiTuinate freely. The centrunv and neurapopliyses of 
each of the segments, with free and elongate pleurapophyses, con- 
stitute by their coalescence the ^dorsal vertebrae,’ which are 
^twelve’ in number. Each of the five succeeding segments is 
represented by the centrum, neural arch, and short confluent 
pleurapophyses, forming the ‘ lumbar vertebrte : ’ the hasmapo- 
physes of these segments are represented by the ‘ inscriptiones 
tendineao musculi recti,’ 7i', which are the homologues of the gristly 
or bony ^abdominal ribs’ of reptiles. The constitution of the 
Human ^os sae,rum’ lias already been given. Part of a sacral 
plenmpophysis expands to form the ^ ilium,’ fig. 403, 62 ,/?/. Two 
haimapoiihyses called ^ischium,’ 63, and pubis, 6 1, coalesce with 
62 to constitute the ^ innoniinatum : ’ the inverted arch, supporting 
the appendage which becomes developed into ^pelvic limb,’ is 
completed by the ischio-pubic symphysis. 
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